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Facility name: U.S. DOE Hanford 100 Area
ReCeiye& SEP 14 W

Location: Hanford Site

EPA Region: X

Person(s) in charge of the facility: J. J. Keating, Asst. Mar.

Safety, Environment and Security
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Name of Reviewer: D. M. Bennett, EPA Region X Date: 8-17-87

General description of the facility: -
(For example: landfill, surface impoundment, pile, container; types of
hazardous substances; location of the facility; contamination route of
major concern; types of information needed for rating; agency action,
etc.)

The 100 Area Site contains the 116-8-4, 116-B-6 116-C-2 , 116-0-1A

116-D-16 116-F-5 116-F-10 116-H-3 116-K-2 116-B-1 116-B-3 116-C-1

116-D-2 116-DR-1 116-DR-2 116-DR-4 116-F-1 116-F-2 116-F-3 116-F-4

116-H-1 115-H-4 116-K-1 116-K-2 116-8-5 116-8-10 116-C-2 116-D-3

116-D-4 116-F-9 116-F-13 116-B-2 116-D-1A 116-D-16 116-DR-3 116-F-3

116-KE-3 116-KW-2 116-OR-6 116-F-1 116-F-6 116-F-12 116-H-2 116-K-2

100KW*2 116-B-9 116-D-6 116-F-11 116-DR-7 116-KE-1 116-KW-1 116-KE-2

107-B 107-C 107-D 107-DR 107-F 107-H 107-KE 107-KW White Bluffs

Pickling Acid Crib,118-8-1,118-8-4.118-8-5,118-C-2.118-D-1,118-D-3.

118-D-5 118-DR-1 118-F-1 118-F-3 118-F-7 118-H-1 118-H-2 118-H-3

Scores: SN - yi.3g (S9w . 4• 12 Ssw a 80.00 Sa ^ 0.00)

SFE = 0.00
( $ ddd"'

SDC - 0.00

FIGURE 1
HRS COVER SHEET Q J,St^
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118-11-4 118-H-5 188-K,118-B-2,118-8-3,118-D-4,118-F-1,118-H-3,

118-B-b 118-F-5 118-F-6,118-8-1,118-8-7,118-C-1,118-0-1,118-D-2,

118-F-Z 118-F-4 118-H-1 118-K,100B/C Burn Pit,100DR Burn Pit,100F

Burn Pit 100N Burn Pit and 100K Burn Pit sites.

FIGURE 1 (Continued)
HRS COVER SHEET
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HRS Ground Water Route Work Sheet
=asa==sxaCaaxx_xxs^_xx==aa==aEas
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Site: U.S. DOE Hanford 100 Area
-
8/17/87
------°---°---------------------------- -----------

Assigned
--------
Multi-

------ -------
Max. Ref.

Rating Factor Value plier Score Score (Section)
sss=asaassssassxxssaszazaxasasaasssssxx_xxsssassasaxs..x_xxasaa-^_ _xxxxxxax

1. Observed Release 45 1 45 45
--------

3.1
------------°°--°---------------------

If observed release is given
-°--------
a score of

--------------
45, proceed to line 4.

If observed release is given
--------------------------------

a score of
-----------

0, proceed to
--------------

line 2.
------- °--------

2. Route Characteristics 3.2-
Depth to Aquifer of Concern 0 2 0 6
Net Precipitation 0 1 0 3
Permeability of the 0 1 0 3
Unsaturated Zone
Physical State 0 1 0 3

- ---------
Total Route Characteristics

--------------------------------

-°------
Score
---------°

--------

-------

-------
0

-------

-------
15

°------ ---------

3. Containment
--------------------------------

0
----------

1
--------

0
-------

3
--------

3.3
---------

4. Waste Characteristics 3.4
Chemical
a. Toxicity/Persistence 18 1 18 18

Hazardous Waste Quantity 8 1 8 8

Total Waste Characteristics Score
---------------------°------------°--

5. Targets
Ground Water Use
Distance to Nearest Well/ 0
Population Served

Total Targets Score.
--- -----------------------------------
6. If line 1a45 (ix4x5)

If line 1=0 (2x3x4x5)

26 26

3 3 9
1 0 40

------------------

-------3-----59---

3310 57330

7. Line 6/57330 * 100 Sc(gw)= (,.I Z

3.5
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HRS Surface Water Route Work Sheet
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Site: U.S. DOE Hanford 100 Area 8/17/87
--------------------------------------------------------------------------

Assigned Multi- Max. Ref.
Rating Factor Value plier Score Score (Section)

3- - 3 .. 3 - L 6 3 3 3 - 33

1. Observed Release 45 1 45 45 4.1
----------°----------------------°------------°----------------------

If observed release is given a score of 45, proceed to line 4.
If observed release is given a score of 0, proceed to line 2.

--------°--° ----------------------------------------------------------
2. Route Characteristics 4.2

Facility Slope & Intervening 0 1 0 3
Terrain -
1-yr. 24-hr. Rainfall 0 1 0 3
Distance to Nearest Surface 0 2 0 6
Water
Physical State 0 1 0 3

----------------------------------------
Total Route Characteristics Score 0 15

------------------------------------------------------------------------

3. Containment 0
---°--------------------°-------°-----
4. Waste Characteristics

a. Chemical
Toxicity/Persistence 18
Hazardous Waste Quantity 8

Total Waste Characteristics Score

5. Targets
Surface Water Use 3
Distance to a Sensitive 0
Environment
Population Served/Distance 35
to Water Intake
Downstream

-------------
Total Targets Score

----------------------°---------------------
6. If line 1345 (lx4x5)

If line 1=0 (2x3x4x5)
---°------------------°-------° -----°---
7. Line 6/64350 * 100 Sc(sw)= 80.00

1 0 3 4.3
-----------------------4.4

1 18 18
1 8 8

---

---

---°---
25

------°

----------
26

---°-----

3 9 9
2 0 6

1 35 40

--- --------
44

----------
55

51480 64350

4.5
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HRS Air Route Work Sheet

ROUTE NOT SCORED
-------------------- ----------------------------------------- ----------

Assigned Multi- Max. Ref.
Rating Factor Value plier Score Score (Section)

asssssssssssc_xasssssssssssssesssssaszsasssssssasssssassassssssssssssvasss

1. Observed Release 0 1 0 45 5.1
-----°° --------------------°--° °-°----------------°-------°-°----

Date and Location:

-----°----------------------------°-------------------------------------
Sampling Protocol:

----------------------------°----°--------°-------------------=----- --
If observed release is given a score of 45, proceed=to line 2.
If observed release is given a score of 0, the Sa=O. Enter on Line 5.

--^ -----------^-----------------------------°--------------------------^r.

2. Waste Characteristics 5.2
^r.

a. Chemical
Reactivity and 0 1 0 3
Incompatibility

I Toxicity 0 3 0 9
Hazardous Waste Quantity 0 1 0 8

C.

--------°------------- ------------------
Total Waste Characteristics Score 0 20

----------^ -------------------------------------------------------- ----

3. Targets 5.3

Population Within 4-Mile 0 1 0 30
Radius

Distance to Sensitive 0 2 0 6
'cnvironment

Land Use 0 1 0 3
------------------ ------------------------

Total Targets Score 0 39
---- ----- °------•-----------------------------------------------------

4. Multiply 1 x 2 x 3 0 35100

------- --------------------- ----•---------------------------------------`

5. Line 4/35300 • 100 Sc(a). 0.00 \,,
------- ------ °-------- - ----° ------------°----------°-----------------



S S

Groundwater Route Score (S9w) 6•12. 37. qs

Surface Water Route Score (S9w) 80.00 6400.00

Air Route Score (Sa) 0.00 0.00

S2 + SZ + SZ
sw a

- GY3^• yS

S + Ssw + Sa - 80.23

S2w+ Ssw + Sa / 1.73 . SM = - SW • 8_

E,t `

.o

Cr.

C*

f'

^

c<,

G^

FIGURE 10
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DOCUMENTATION RECORDS
FOR

HAZARD RANKING SYSTEM

INSTRUMENTATIONS : As briefly as possible summarize the information you used
to assign the score for each factor (e.g., "Waste quantity = 4,230 drums plus
800 cubic yards of sludge"). The source of information should be provided
for each entry and should be a bibliographic-type reference, include the
location of the document.

FACILITY NAME: U.S. DOE Hanford 100 Area

^^>
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^

tn

0^

LOCATION: Hanford Site, Benton County, Washington

DATE SCORED: 8-17

PERSON SCORING: R. D. Stenner, Pacific Northwest Laboratory for DOE

PRIMARY SOURCE(S) OF INFORMATION ( e.g., EPA region, state, FIT, etc.):

The information was taken from Department of Energy documents and databases
associated with the Hanford Site, as well as from other publicly available
documents addressing conditions at or in the vicinity of the Hanford Site.
Information was also gathered through telephone and personal communications
with responsible individuals (such information is referenced accordingly in
the package).

FACTORS NOT SCORED DUE TO INSUFFICIENT INFORMATION:

Even though air concentrations of some of the constituents of interest can be
detected above background offsite, no air monitoring data were found
sufficient for HRS scoring of the Hanford CERCLA sites. These constituents
of interest detected above background offsite are present in the routine
gaseous effluents from operating facilities at Hanford. Therefore, the air
route rating factors were not scored.

COMMENTS OR QUALIFICATIONS:

The Department of Energy has completed a preliminary assessment of the
hazardous waste sites located on the Hanford Site. This work served as the
primary basis for developing the scores for the aggregate 100 Area Site.
These preliminary assessment efforts are documented in the "Draft Phase I
Installation Assessment of Inactive Waste-Disposal Sites at Hanford" von^es^
and respective addenda which are referenced throughout the package. V. ,
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GROUND WATER ROUTE
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1 OBSERVED RELEASE

Contaminants detected (5 maximum):

An observed release to the ground water beneath the 100 Areas can be verified
using several different substances. For the purpose of documenting observed
release to the ground water it was determined that the strontium-90 (Sr-90)
and chromium (Cr) would provide sufficient evidence. Evidence of observed

release can be given in terms of a comparison of background concentrations

and down gradient concentrations for both Sr-90 and Cr. Wells used to verify
observed release of Sr-90 are listed in the following table.

100 Area Wells for Sr-90 _

BACKGROUND DOWN GRADIENT
Concentration Concentration

Date Well (pCi/L) Date Well (pCi/L)

4/10/87 1-114-5 <0.753 pCi/L 4/10/87 1-H4-4 8.05 pCi/L
5/29/87 1-N-4 12.5 pCi/L

The wells used to verify observed release of Cr to the ground water beneath
the 100 Area are listed in the following table.

100 Area Wells for Cr

BACKGROUND
Concentration

Date Well (Lsa/L)

DOWN GRADIENT
Concentration

Date Well (Sg/L)

6/12/87 6-77-54 <10 µg/L 5/21/87 1-83-1 62 µg/L
3/25/87 1-D5-12 1,560 µg/L
3/18/87 1-K-20 137 µg/L

G^ Reference 5, page 3.14; Reference 2; Reference 3, pages 19, 23, 274, 13,16,
and 21; Reference 1; Reference 10; Reference 18

Rationale for attributing the contaminants to the facility:

The nine 100 Areas ( B, C,•D, DR, KE, KW, F, H, and N) border the Columbia
River in the northernmost part of the HanfordSite. Each of the nine areas
has one production reactor. Eight of these reactors have been shut down;
only the N Reactor, used for both plutonium and electricity production is
still in operation. When the reactors were operational, cooling water was
drawn from the river and treated with alum, sulfuric acid and chlorine.
Excess sulfuric acid was used to maintain the pH of the water within a
desired range. To control oxidation of aluminum parts in the reactor, sodium \^`^
dichromate was used to maintain an oxidation coating on aluminum parts. The
,\chlorinewas added for algae control in the settling basins; at times copper\\

2 . ^'



sulfate was added for additional algae control. As the cooling water passed
through the reactor various activation products (e.g, Co-60, Ni-63, etc.)
were dissolved in the cooling water. When a fuel element ruptured or
developed a pin hole in its' cladding some fission products such as Sr-90
would dissolve in the cooling water. Chromic acid, oxalic acid and nitric
acid were used for dummy fuel-element decontamination. In addition to
vertical safety rods for emergency reactor shutdown, the reactors were
equipped with hoppers of nickel-plated boron steel balls, nickel-plated
carbon steel balls, and stainless steel balls that would drop into the
vertical safety rod channels for emergency shutdown. This system required no
supplementary power source. Although it was never used, a third safety
system, one involvina the use of potassium borate solution, was in place at
the reactors. A supplementary control system, in addition to the normal
horizontal control rods, was incorporated into the reactors. This
supplementary control system consisted of a Poison(a) Column Control Facility
that could charge selected process tubes with a lead-cadmium poison to absorb
neutrons. Boron-carbide aluminum poison splines were also used for
supplementary control. These activities resulted in waste containing the
contaminants discussed above being disposed of in the 100 Area. Down
gradient wells show contaminant concentrations significantly above those
found in the background wells.

Cf+ '•

(a) The term poison refers to a material's ability to absorb neutrons and
thus control the rate of fission.

0N
Reference 4, pages 2.11-2.13

co
^ 2 ROUTE CHARACTERISTICS

_M Depth to Aquifer of Concern

Name/description of aquifer(s) of concern:

^. The aquifer of concern is the unconfined aquifer which is comprised of the
glacio fluvial sediments of the Hanford formation and the.late deposits of
the Ringold formation. It generally slopes downward from west to east; depth
to ground water is from 10 to 15 meters (34 to 48 feet). It is bounded below
by either the basalt surface or, in places, the relatively impervious clays
and silts of the lower unit of the Ringold formation. Laterally, the
unconfined aquifer is bounded by the anticlinal basalt ridges that ring the
basin. The Yakima and Columbia Rivers, however, do not entirely transect
these sediments and therefore do not constitute a discontinuity for HRS
Scoring purposes. The basalt ridges above the water table have a low
permeability and act as a barrier to lateral flow of the ground water. The
saturated thickness of the unconfined aquifer is greater than 61 m in some
areas of the Hanford Site and pinches out along the flanks of the basalt
anticlines.

Recharge to the unconfined aquifer originates from several sources. Natura;1,`,^
recharge occurs from precipitation at higher elevations and runoff from

2a
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ephemeral streams to the west, such as Cold Creek and Dry Creek. The Yakima
River recharges the unconfined aquifer as it flows along the southwest
boundary of the Hanford Site. The Columbia River recharges the unconfined
aquifer during high stages when river water is transferred to the aquifer
along the river bank. The un••onfined aquifer receives little recharge from
precipitation directly on the Hanford Site because of a high rate of
evapotranspiration under native soil and vegetation conditions, Large scale
artificial recharge occurs from offsite agricultural irrigation and liquid-
waste disposal in the operating areas at Hanford.

Underlying the surface sands is a mixture of sand and gravel extending to a
depth of about 200 feet (60 meters). Basaltic rock starts at that depth and
extends downward over 1.9 miles (3000 meters).

Reference 5, page 2.5; Reference 4, pages 2.11-13; Reference 9

Depth(s) from the ground surface to the highest seasonal level of the
saturated zone [water table(s)] of the aquifer of concern:

Not applicable.

C^

(Z''

Depth from the ground surface to the lowest point of waste disposal/storage:

ff, Not applicable.

n^

0%
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Net Precipitation

Mean annual or seasonal precipitation (list months for seasonal):

Not applicable.

Mean annual lake or seasonal evaporation (list months for seasonal);

Not applicable.

Net precipitation ( subtract the above figures): _

C: Not applicable.

G^
Permeabilitv of Unsaturated Zone

C^^
Soil type in unsaturated zone:

Not applicable.

Permeability associated with soil type:

Not applicable

01

Phvsical State

Physical state of substances at time of disposal (or at present time for
generated gases):

Not applicable.

3



3 CONTAINMENT

Containment

Method(s) of waste or leachate containment evaluated:

Not applicable.

Method with highest score:

Not applicable.

4 WASTE CHARACTERISTICS

Toxicity and Persistence

Compound(s) evaluated: -

These substances are associated with production reactor operation ( See Tables
1 and 2):

I" Substances in the 100 Area

C- uranium mercury cesium-137
lead plutonium-238 cesium-134
cadmium plutonium-239 europium-152
sodium dichromate plutonium-240 europium-154
sodium oxalate tritium europium-155
sulfuric acid cobalt-60 sodium sulfamate
sulfamic acid strontium-90 nickel-63

ta'°, potassium borate copper sulfate sodium hydroxide

° Reference 4, pages 2.11-2.13; Reference 6 (The numerous individual pages are
not included in the package, please consult the reference 6 document using
the list of individual sites listed on the cover sheet of this package for
verification of which individual sites contain which substances); Reference
19

Compound with highest score:

Several of these substances results in a score of 18. Uranium, lead, mercury
sodium dichromate and plutonium are among those having scores of 18.

Toxicity Persistence TOTAL
Substance Score Score Score

uranium 3 3 18
lead 3 3 18
mercury 3 3 18 ^

1dichromate 3 3 18 ^
plutonium 3 3 18

Reference 7, pages 794-797; REference 20.
4



Hazardous Waste Quantity

Total quantity of hazardous substances at the facility, excluding those with
a containment score of 0 (Give a reasonable estimate even if quantity is
above maximum):

The total quantity of hazardous substances associated with the aggregate 100
Area Site is estimated to be 4.3 billion cubic yards. Table 1 presents the
individual sites and associated data for the 100 Area Liquid Waste Sites that
were used in creating the aggregate 100 Area Site. Table 2 presents the
individual sites and associated data for the 100 Area Solid Waste Sites that
were used in creating the aggregate 100 Area Site.

References are listed by waste site in Table 1.

Basis of estimating and/or computing waste quantity:

The volume of wastes disposed of to waste sites at the 100 Area was -
calculated as the sum of the volumes received by individual. waste sites. The
basis for this estimate of liquid waste volume is given in Table 1. For

^ purposes of developing the inventories, individual waste sites were
aggregated into groups that received similar wastes. These groups, and the
individual sites comprising each group, are identified in Table 1. Also
included in this table are a description of the general types of waste

C-a received by the group of sites, the period of operation covered by the group,
the estimated waste volume received by the group, and the references for the
waste volumes received by the individual sites. In some cases, an individual
site received more than one type of waste. If so, the site was assigned to

t^+ more than one group and its waste volume was divided into the volumes
received by each particular site group. Similar information for 100 Area

C" sites receiving solid wastes is presented in Table 2.

4%

\q^
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TABLE 1 . 100 AREA LIQUID WASTE SITES

No. of
Area No. and Name Waste Types Years Estimated Volume Cubic Yds

100 Area Decontamination Decontamination
Waste Cribs (116-0-4, solutions consisting
116-B-6, 116-C-2, of chromic, oxalic,
116-0-1A, 116-0-111, and/or sulfuric acid
116-F-5, 116-F-10, solutions neutralized
116-11-3, 116-K-2) with soda ash.

Solutions were used to
decontaminate dununy
fuel elements and
reactor hardware.

1947-1970 2.3 x 106 L 3,000

100 Area Contaminated Reactor effluent con-
Reactor Effluent Cribs and taminated when fuel
Trenches (116-B-1, element cladding
116-B-3, 116-C-1, failed. Radiological
116-0-2, 116-DR-1, contamination
116-DR-2, 116-OR-4, consisted chiefly of
116-F-1, 116-F-2, mixed fission
116-F-3, 116-F-4, products. Chemical
116-II-1, 116-11-4, contamination
116-K-1, 116-K-2) consisted of sodium

dichromate added to
reactor coolant as
oxidant.

"i^

1946-1971 3.0 x 1011 L 3.9 x 108

References

Reference 6,
pages 13-14,
17-20, 45-48,
59-60, 61-62,
113-114, 121-
122, 151-152,
173-174

Reference 6,
pages 7-8,
11-12, 43-44,
63-64, 87-88,
89-90, 93-94,
105-106, 107-
108, 109-110,
111-112, 147-
148, 153-154,
171-172, 173-174

4b
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Area No. and Name _

100 Area Laboratory Waste
Cribs and Trenches
(116-8-5, 116-0-10,
116-C-2, 116-D-3,
116-0-4, 116-F-9,
116-F-13)

100 Area fuel Storage
Basin Cribs and Trenches
(116-B-2, 116-D-1A,
116-D-1B, 116-OR-3,
116-F-3, 116-KE-3,
116-KW-2)

Waste Types

Wastes associated with
labs and shops in the
108 Buildings,
including 108-B
Tritium Lab and Tube
Examination Facility,
108-C Metal
Examination Facility
and 100 F Biology
Labs. Contaminants
consisted mainly of
tritium and low levels
of mixed fission and
activation products.
Negligible chemical
contamination except
Biology Lab
facilities, which
received nitrate from
animal wastes.

Storage basin cooling
water contaminated
with low levels of
mixed fission products
due to failure of fuel
element cladding.

Years Estimated Volume

1950-1976 3.2 x 108 L

1946-1971

4c

2.0 x 107 L

No. of
Cubic Yds References

4.2 x 105 Reference 6,
pages 15-16,
23-24, 45-48,
65-66, 67-68,
119-120, 127-128

2.6 x 104 Reference 6,
pages 9-10,
59-60, 61-62,
91-92, 109-110,
179-180, 195-196
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No. of
Area No. and Name Waste Types Years Es timated Volume Cubic Yds References

100 Area Reactor Reactor effluents 1945-1971 6.1 x 108 L 8.0 x 105 Reference 6,
Decontamination and during reactor pages 95-96,
Maintenance Effluents maintenance 105-106, 115-
Cribs and Trenches activities. Much of 116, 125-126,
(116-DR-6, 116-F-1, the waste volume was Iq9-150, 173-174
116-F-6, 116-F-12, uncontaminated.
116-11-2, 116-K-2) Radionuclides present

were mainly low levels
of mixed fission
products and
activation products.
The main chemical
contaminant was
sulfuric acid, which
was used for reactor
decontamination.
Sodium dichromate was
also present in some
of the effluents.

100 Area Reactor Drainage from 117 1960-1969 2.2 x 106 L 2,900 Reference 6,
Confinement Seal Pit Building confinement pages 42-44,
Drainage Cribs (116-DR-8, system seal pits. 49-50, 85-86,
116-F-7, 117-B, 117-C, Very low levels of 99-100, 117-118,
117-D, 117-11) contamination. 167-168

100 Area Sulfuric Acid Mercury-contaminated 1955-1971 3.7 x 104 L 48 Reference 6,
Sludge Disposal Sites sludge from sulfuric , pages 181-183,
(100KE*1, 100KE*2, acid storage tanks. 185-187, 189-
100KE*3, 100KW*l, 191, 197-199,
100KW"2) 201-203

qd
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Area No. and Name Waste Types

100 Area Miscellaneous Drainage from floor
Floor and Sink Drain Cribs and sink drains. Very
(116-8-9, 116-D-6, low levels of
116-F-11) radioactive

contamination. No
chemical
contamination.

100 Area Potassium Borate Liquid potassium
Crib (116-DR-7) borate solution. No

radioactive
contamination.

100 Area Gas Purification Condensate from
Condensate Cribs
(116-KE-1, 116-KW-1)

100 Area Ion Exchange
Regenerant Crib (116-KE-2)

reactor gas
purification system.
Contaminated with
tritium and carbon-14
and small amounts of
fission products.

Wastes from
regeneration of ion
exchange columns.
Contained sulfuric
acid, caustic, and
mixed fission products
and activation
products.

No. of
Years Estimated Volume Cubic Yds References

1952-1967 3.4 x 105 L 440 Reference 6,
pages 21-22,
69-70, 123-124

1953 4 x 103 L 5.2 Reference 6,
pages 97-98

1955-1971 1.6 x 106 L 2.1 x 103 Reference 6,
pages 175-176,
193-194

1955-1971 3.0 x 106 L 3.9 x 103 Reference 6,
pages 177-178

4e
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Area No. and Name Waste Ty ee s Years

100 Area Retent ion Basin Reactor effluent 1944-1971
Leakage (107-0, 107-C, containing very small
107-D, 107-DR, 107-F, amounts of fission
107-II, 107-KL, 107-KW) products and

activation products.
Chemical contamination
limited to small
amounts of sodium
dichromate added to
reactor coolant as
oxidant.

No. of
Estim ated Volume Cubic Yds

3.0 x 1012 L 3.9 x 109

100 Area White Bluffs Waste nitric and 1943-1945 7 x 105 L
Pickling Acid Crib hydrofluoric acid used

to pickle galvanized
piping. Acid may or
may not have been
neutralized.

^ pd

TOTAL 3.3 x 1012 L

4f

900

4.3 x 109

References

Reference 16

Reference 16



fABLE 2 . 100 AREA SOLID WASTE SITES

Area No. and Name Waste TVees Years Estimated Volume

100 Area Metallic Waste
Burial Grounds (118-B-1,
118-B-4, 118-B-5,
118-C-2, 118-D-1,
118-D-3, 118-D-5,
118-DR-i, 118-F-1,
118-F-3, 118-F-7,
118-11-1, 118-11-2,
118-11-3, 118-11-4,
118-II-5, 118-K)

Metallic waste 1944-1975 1,000 m3
consisting mainly of
discarded reactor
hardware, including
such items as aluminum
tubes and spacers;
lead and cadmium
containing slugs,
graphite, desiccant,
aluminum and boron
splines; lead; and
mercury. Radioactive
contaminants,
primarily activation
products.

100 Area Construction Construction waste, 1953-1967 48,000 m3
Waste Burial Grounds demolition debris.
(118-8-2, 118-0-3, Small amounts of
118-0-4, 118-F-1, radioactive
118-11-3) contamination.

100 Area Lab Waste Burial Low-level radioactive 1950-1975 20,000 m3
Grounds (118-0-6, 118-F-5, wastes from 100 Area

laboratories, in-
I184-6) cluding tritium wastes

and animal wastes.

49

No. of
Cubic Yds References

1,300 Reference 6,
pages 25-27, 33-
34, 35-36, 55-
56, 71-72, 77-
79, 83-84, 101-
102, 129-131,
135-136, 143-
144, 155-157,
159-160, 161-
162, 163-164,
165-166, 205-207

63,000 Reference 6,
pages 29-30, 31-
32, 81-82, 129-
131, 161-162

26,000 Reference 6,
pages 37-38,
139-140,
141-142
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No. of
Area No. and N ame Waste Type s Y ears Estimated Volume Cubic Yds References

100 Area Miscellaneous Radioactivity 1944-1975 61,000 m3 80,000 Reference 6,
Solid Waste Burial Grounds contaminated trash and pages 25-27, 39-
(118-B-1, 118-B-7, miscellaneous solid 40, 51-53, 71-
118-C-1, 118-D-1, wastes from 100 Area 72, 73-75, 133-
118-0-2, 118-F-2, facilities. 134, 137-138,
118-F-4, 118-11-1, 118-K) 155-157, 205-207

100 Area Burn Pits Combustible trash from 1943-1971 130,000 m3 170,000 Reference 6,
(100 B/C Burn Pit, 100 Area buildings and pages 57-58,
100/DR Burn Pit, offices. 103-104, 145-
100F Burn Pit, 146, 169-170,
100N Burn Pit, 209-210
100K Burn Pit)

TOTAL 260,000 m3 340,000 yd3
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5 TARGETS

Ground Water Use

Use(s) of aquifer(s) of concern within a 3-mile radius of the facility:

There are no wells which draw water for drinking or irrigation purposes
within 3 miles of the 100 Area. Therefore, there is no use of the aquifer of
concern within 3 miles of the 100 Area.

C.'

c'

Co'•

^

t..`

OK

u

Reference 8

Distance to Nearest Well

Location of nearest well drawing from aquifer of concern or occupied building
not served by a public water supply:

The nearest wells are 699-72-101A, B, and C that are located at the Vernita
Bridge Rest Stop.

Reference 8; Reference 9, page 11.1-65

Distance to above well or building:

The wells located at the Vernita Bridge Rest Stop are just over 3 miles from
the boundary of the 300 Area Site.

Reference 8

Population Served by Ground Water Wells Within a 3-Mile Radius

Identified water-supply well(s) drawing from aquifer(s) of concern within a
3-mile radius and populations served by each:

There are no wells which draw water for drinking or irrigation purposes
within 3 miles of the 100 Area. Therefore, there is no use of the aquifer of
concern within 3 miles of the 100 Area.

Reference 8

Computation of land areas irrigated by supply well(s) drawing from a uifer s
of concern within a 3-mile radius, and conversion to population (1.5 peop e
per acre :

There are no documented irrigation wells within 3 miles of the site.

Total population served by ground water within a 3-mile radius:

The total population served by ground water within 3 miles is zero.

5 `,^t



SURFACE WATER ROUTE

C^

^,..

;5w

1 OBSERVED RELEASE

Contaminants detected in surface water at the facility or downhill from it

(5 maximum):

The observed release of contaminants to the Columbia River adjacent to the

100 Area can be verified by comparison of upstream and downstream

concentrations of selected constituents. Verification of observed release

does not require evidence of release for each contaminant disposed at the

facility, but relies on identification of at least one constituent in the

surface water that can be attributed to the facility. Strontium-90 (Sr-90)

was chosen to illustrate observed release from the 100 Area. The follow.ing

table compares upstream concentrations of Sr-90 with concentratidns of Sr-90

at designated surface water use points. The water intakes designated as use

points are in the 100N and 100D areas.

BACKGROUND
Sample Concentration

Date Point (pCi/L)

DOWN GRADIENT(a)
Samp e Concentration

Date Point (pCi/L)

11/23/82- Prst Rap 0.34 * 0.18
12/21/82

12/18/82 100N 28 * 0.47
12/18/82 100D 1.1 : 0.05

(a) This data represents an analysis of the composite of river water samples
taken every 0.5 mile for the river interval indicated on the date shown.

Reference 11; Reference 5, page 3.14; Reference 12, pages 15 and B.3;
Reference 10

Rationale for attributing the contaminants to the facility:

The nine 100 Areas ( B, C, D, OR, KE, KW, F, H, and N) border the Columbia
River in the northernmost part of the Hanford Site. Each of the nine areas

has one production reactor. Eight of these reactors have been shut down;
only the N Reactor, used for both plutonium and electricity production is
still in operation. When the reactors were operational, cooling water was
drawn from the river and treated with alum, sulfuric acid and chlorine.
Excess sulfuric acid was used to maintain the pH of the water within a
desired range. To control oxidation of aluminum parts in the reactor, sodium
dichromate was used to maintain an oxidation coating on aluminum parts. The
chlorine was added for algae control in the settling basins; at times copper
sulfate was added for additional algae control. As the cooling water passed
through the reactor various activation products (e.g, Co-60, Ni-63, etc.)
were dissolved in the cooling water. When a fuel element ruptured or
developed a pin hole in its' cladding some fission products such as Sr-90
would dissolve in the cooling water. Chromic acid, oxalic acid and nitric

6 1'(t t q^
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acid were used for dummy fuel-element decontamination. In addition to
vertical safety rods for emergency reactor shutdown, the reactors were
equipped with hoppers of nickel-plated boron steel balls, nickel-plated
carbon steel balls, and stainless steel balls that would drop into the
vertical safety rod channels for emergency shutdown. This system required no
supplementary power source. Although it was never used, a third safety

system, one involving the use of potassium borate solution, was in place at
the reactors. A supplementary control system, in addition to the normal
horizontal control rods, was incorporated into the reactors. This
supplementary control system consisted of a Poison(a) Column Control Facility
that could charge selected process tubes with a lead-cadmium poison to absorb
neutrons. Boron-carbide aluminum poison splines were also used for
supplementary control.

These activities resulted in strontium-90 contaminated waste being disposed
of in the 100 Area, and down gradient samples show strontium-90 concentration
levels significantly above the strontium-90 concentrations found in

01 background samples.

(a) The term poison refers to a material's ability to absorb neutrons and
thus control the rate of fission.

C.
Reference 4, pages 2.11-2.13

C°

2 ROUTE CHARACTERISTICS
^
c Facility Slope and Intervening Terrain

Average slope of facility in percent:

Not applicable.

Name/description of nearest down slope surface water:
G^

The Columbia River, which originates in the mountains of eastern British
Columbia, Canada, flows through the northern edge of the Hanford Site and
forms part of the Hanford Site's eastern boundary. The river drains a total
area of approximately 70.800 km2 enroute to the Pacific Ocean. The flow of
the Columbia River is regulated by 11 dams within the United States, 7
upstream and 4 downstream of the Site. Priest Rapids Dam is the nearest
impoundment upstream of the Site, and McNary Dam is the nearest dam
downstream. ( The Hanford reach of the Columbia River extends from Priest
Rapids Dam to the head of Lake Wallula, which is created by McNary Dam.)
This is the only stretch of the Columbia River within the U.S. that is not
impounded by a dam. The width of the river varies from approximately 300 m
to about 1000 m. The flow through this stretch of the river is relatively
swift, with numerous bends and several islands present throughout the reach.
The ground water beneath the site discharges directly into the Columbia River
as evidenced by seeps and springs along the river shore.

6a
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The flow rate of the Columbia River in this region is regulated primarily by
Priest Rapids Dam. Hanford reach flows fluctuate significantly because of
the relatively small storage capacity and operational practices of the nearby
upstream dams. A minimum flow rate of 1,000 cubic meters per second (36,000
cubic feet per second) has been established at Priest Rapids. Typical daily
flows range from 1,000 cubic meters per second (36,000 cubic feet per second)
to 7,000 cubic meters per second (250,000 cubic feet per second) with peak
spring runoff flows of up to 12,600 cubic meters per second ( 450,000 cubic
feet per second) being recorded. Typical annual average flows at Priest
Rapids Dam are 3,100 cubic meters per second (110,000 cubic feet per second)
to 3,400 cubic meters per second (120,000 cubic feet per second). Monthly
mean flows typically peak from April through June and are at the lowest
levels from September through October.

Reference 5, page 2.1-2.3

Average slope of terrain between facility and above-cited surface water body
in percent:

Not applicable.
E^

U%
Is the facility located either totally or partially in surface water?

C"4

C' Not applicable.

s+u`

C%

G^

`,,,

1v

1

0
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Is the facility completely surrounded by areas of higher elevation?

Not applicable.

,.,.

Co.

Cx

C

G"*

c*-*

cr.

I-Year 24-Hour Rainfall in Inches

Not applicable.

Distance to Nearest Down slope Surface Water

Not applicable.

Physical State of Waste

Not applicable.

3 CONTAINMENT

Containment

Method(s) of waste or leachate containment evaluated:

Not applicable.

Method with highest score:

Not applicable.

1`,,

' g^
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4 WASTE CHARACTERISTICS

Toxicity and Persistence

Compound(s) evaluated

These substances are associated with production reactor operation (See Tables
1 and 2):

Substances in the 100 Area

uranium mercury cesium-137
lead plutonium-238 cesium-134
cadmium plutonium-239 ' europium-152
sodium dichromate plutonium-240 europium-154
sodium oxalate tritium europium-155
sulfuric acid cobalt-60 sodium sulfamate
sulfamic acid strontium-90 nickel-63
potassium borate copper sulfate sodium hydroxide

C^

c,. Reference 4, pages 2.11-2.13; Reference 6 (The numerous individual pages are
not included in the package, please consult the reference 6 document using

cn the list of individual sites listed on the cover sheet of this package for
verification of which individual sites contain which substances); Reference

C 19

C^

C^
Compound with highest score:

Several of these substances results in a score of 18. Uranium, lead, mercury
sodium dichromate and plutonium are among those having scores of 18.

Toxicity Persistence TOTAL
Substance Score Score Score

uranium 3 3 18
lead 3 3 18
mercury .3 3 18
dichromate 3 3 18
plutonium 3 3 18

Reference 7,pages 794-797; Reference 20.

Hazardous Waste Quantity

Total quantity of hazardous substances at the facility, excluding those with ^
a containment score of 0 (Give a reasonable estimate even if quantity is 1`Q
above maximum): X

The total quantity of hazardous substances associated with the aggregate 100
8



Area Site is estimated to be 4.3 billion cubic yards. Table 1 presents the
individual sites and associated data for the 100 Area Liquid Waste Sites that
were used in creating the aggregate 100 Area Site. Table 2 presents the
individual sites and associated data for the 100 Area Solid Waste Sites that
were used in creating the aggregate 100 Area Site.

c"

^,.

C"'

c~

^

0^

References are listed by waste site in Table 1.

Basis of estimating and/or computing waste quantity:

The volume of wastes disposed of to waste sites at the 100 Area was
calculated as the sum of the volumes received by individual waste sites. The
basis for this estimate of liquid waste volume is given in Table 1. For
purposes of developing the inventories, individual waste sites were
aggregated into groups that received similar wastes. These groups,- and the
individual sites comprising each group, are identified in Table 1. Also
included in this table are a description of the general types of waste
received by the group of sites, the period of operation covered by the group,
the estimated waste volume received by thegroup, and the references for the
waste volumes received by the individual sites. In some cases, an individual
site received more than one type of waste. If so, the site was assigned to
more than one group and its waste volume was divided into the volumes
received by each particular site group. Similar information for 100 Area
sites receiving solid wastes is oresented in Table 2.

In compiling the inventory,since groundwater seeps into the Columbia River,

it is assumed that the containment associated with the surface water route
is considered not to be 0, and all the waste quantities cited were available
for migration.

Reference 12; Reference 19.

5 TARGETS

Surface Water Use

Use(s) of surface water within 3 miles downstream of the hazardous substance:

The Columbia River is used as the source of drinking and process water for
the 100 and 200 areas. The intake at 100-B Pumphouse supplies water to
100-B/C, 100-D, 100-N, 100-K, and the 200 areas. The intake at 100-0 is used
as a backup to 1D0-B intake. The 100-N intake supplies water to 100-N area
and Washington Public Power Supply System Generation Station attached to the
100-N reactor. The 100-K Pumphouse supplies water to 100-K area.

The Columbia River both near and down stream of the 100 Area is used for
recreation.

Reference 9, pages 11.1-64-11.1-65; Reference 13, page 3; Reference 17.
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TABLE 1. 100 AREA LIQUID WASTE SITES

No. of
A rea No. and Name Waste Types Years Estimat ed Volume Cubic Yds References

100 Area Decontamination Decontamination 1947-1970 2.3 x 106 L 3,000 Reference 6,
Waste Cri bs (116-8-4, solutions consisting pages 13-14, 17-
116-0-6, 116-C-2, of chromic, oxalic, 20, 45-48, 59-
116-D-1A, 116-D-18, and/or sulfuric acid 60, 61-62, 113-
116-F-5, 116-F-10, solutions neutralized 114, 121-122,
116-II-3, 116-K-2) with soda ash. 151-152, 173-174

Solutions were used to
decontaminate dummy
fuel elements and
reactor hardware.

100 Area Contaminated Reactor effluent con- 1946-1971 3.0 x 1011 L 3.9 x 108 Reference 6,
Reactor Effluent Cribs and taminated when fuel pages 7-8, 11-
Trenches (116-B-1, element cladding 12, 43-44, 63-
116-8-3, 116-C-1, failed. Radiological 64, 87-88, 89-
116-D-2, 116-DR-1, contamination 90, 93-94, 105-
116-DR-2, 116-OR-4, consisted chiefly of 106, 107-108,
116-F-1, 116-F-2, mixed fission 109-110, I11-
116-F-3, 116-F-4, products. Chemical 112, 147-148,
116-I1-1, 116-11-4, contamination 153-154, 171-
116-K-1, 116-K-2) consisted of sodium 172, 173-174

dichromate added to
reactor coolant as
oxidant.

-cZ --"
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Area No. and Name

100 Area Laboratory Waste
Cribs and Trenches
(116-B-5, 116-8-10,
116-C-2, 116-D-3,
116-D-4, 1164-9,
116-F-13)

100 Area Fuel Storage
Ir•unchusIlnaia t:rlbs and

(I Ib•11-7, 1I1s•11-IA,
Iln-h-III, llh-1111-.1,
116-F-3, 116-KE-3,
116-KW-2)

<ZZO

No. of
Waste Types Years Estimated Volume Cubic Yds

Wastes associated with
labs and shops in the
108 Buildings,
including 108-B
Tritiuni Lab and Tube
Examination Facility,
108-C Metal
Examination Facility
and 100 F Biology
Labs. Contaminants
consisted mainly of
tritium and low levels
of mixed fission and
activation products.
Negligible chemical
contamination except
Biology Lab
facilities, which
received nitrate from
animal wastes.

1950-1976 3.2 x 108 L 4.2 x 105

Storage basin cooling
water contaminaLed
wIIIi Iuw lovOli of
mlxud t156iuu prudUcth

due to failure of fuel
element cladding.

1946-1971 2.0 x 107 1.

Oc

2.6 x 104

References

peference 6,
ages.15-16, 23-

24, 45-48, 65-
66, 67-68; 119-
120, 127-128

Reference 6,
pages 9-I0,
bll, til-ti2 91-
O2, I119-1^11,
179-180, 195-196
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No. of
Area No. and Name Waste Tynes Years Estimated Volume Cubic Yds References

100 Area Reactor Reactor effluents 1945-1971 6.1 x 108 L 8.0 x 105 Reference 6,
Decontamination and during reactor pages 95-96,
Maintenance Effluents maintenance 105-106, 115-
Cribs and Trenches activities. Much of 116, 125-126,
(116-DR-6, 116-F-1, the waste volume was 149-150, 173-174
116-F-6, 116-F-12, uncontaminated.
116-11-2, 116-K-2) Radionuclides present

were mainly low levels
of mixed fission
products and
activation products.
The main chemical
contaminant was
sulfuric acid, which
was used for reactor
decontamination.
Sodium dichromate was
also present in some
of the effluents.

100 Area Reactor Drainage from 117 1960-1969 2.2 x 106 L 2,900 Reference 6,
Confinement Seal Pit Building confinement pages 42-44, 49-
Drainage Cribs (116-DR-0, system seai pits. 50, 85-86, 99-
116-f-7, 117-B, 117-C, Very low levels of 100, 117-118,
117-D, 117-II) contamination. 167-168

100 Area Sulfuric Acid Mercury-contaminated 1955-1971 3.7 x 104 L 48 Reference 6,
Sludge Disposal Sites sludge from sulfuric pages 181-183,
(100KE*1, IOOKE*2, acid storage tanks. 185-187, 189-
100KE*3, 100KW*1, 191, 197-199,
100KW*2) 201-203

.i-

T^^^ ed



P 3

Area No. and Name Waste Types Years

100 Area Miscellaneous Drainage from floor 1952-1967
Floor and Sink Drain Cribs and sink drains. Very
(116-6-9, 116-D-6, low levels of
116-F-11) radioactive

contamination. No
chemical
contamination.

100 Area Potassium Borate Liquid potassium 1953
Crib (116-DR-7) borate solution. No

radioactive
contamination.

100 Area Gas Purification Condensate from
Condensate Cribs
(116-KE-1, 116-KW-1)

100 Area Ion Exchange
Regenerant Crib (116-KE-2)

^
^
^

reactor gas
purification system.
Contaminated with
tritium and carbon-14
and small amounts of
fission products.

Wastes from
regeneration of ion
exchange coluinns.
Contained sulfuric
acid, caustic, and
mixed fission products
and activation
products.

Estima ted Volume

3.4 x 105 L

4 x 103 L

1955-1971 1.6 x 106 L

1955-1971 3.0 x 106 L

NO. of

Cubic Yds

440

5.2

2.1 x 103

3.9 x 103

References

Reference 6,
pages 21-22, 69-
70, 123-124

Reference 6,
pages 97-98

Reference 6,
pages 175-176,
193-194

Reference 6,
pages 177-178

8e
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Area No. and Name

100 Area Retention Basin
Leakage (107-0, 107-C,
101-D, 107-DR, 107-F,
107-11, 107-KE, 107-KW)

100 Area White Bluffs
Pickling Acid Crib

No. of
Waste Tynes Years E stimated Volume Cubic Yds References

Reactor effluent 1944-1971 3.0 x 1012 L 3.9 x 109 Reference 16
containing very small
amounts of fission
products and
activation products.
Chemical contamination
limited to small
amounts of sodium
dichromate added to
reactor coolant as
oxidant.

Waste nitric and 1943-1945 7 x 105 L
hydrofluoric acid used
to pickle galvanized
piping. Acid may or
may not have been
neutralized.

TOTAL 3.3 x 1012 L

Df

900

4.3 x 109

Reference 16
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TABLE 2. 100 AREA SOLID WASTE SITES

No. of
Area Ho. and Name Waste Tvee s Years Estimated Volume Cubic Yds References

100 Area Metallic Waste Metallic waste 1944-1975 1,000 m3 1,300 Reference 6,
Burial Grounds (118-B-1, consisting mainly of pages 25-27, 33-
118-B-4, 118-8-5, discarded reactor 34, 35-36, 55-
118-C-2, 118-D-1, hardware, including 56, 71-72, 77-
118-0-3, 118-D-5, such items as aluminum 79, 83-84, 101-
118-OR-1, 118-F-1, tubes and spacers; 102, 129-131,
118-F-3, 118-F-7, lead and cadmium 135-136, 143-
118-II-1, 118-II-2, containing slugs, 144, 155-157,
118-11-3, 118-11-4, graphite, desiccant, 159-160, 161-
118-11-5, 118-K) aluminum and boron 162, 163-164,

splines; lead; and 165-166, 205-207
mercury. Radioactive
contaminants,
primarily activation
products.

100 Area Construction Construction waste, 1953-1967 48,000 m3 63,000 Reference 6,
Waste Burial Grounds demolition debris. . pages 29-30, 31-
(118-B-2, 118-8-3, Small amounts of 32, 81-82, 129-
118-0-4, 118-F-1, radioactive 131, 161-162
118-11-3) contamination.

100 Area Lab Waste Burial Low-level radioactive 1950-1975 20,000 m3 26,000 Reference 6,
Grounds (118-11-6, 118-F-5, wastes from 100 Area pages

laboratories, in- 37-38, 139-140,
118-F-6) cluding tritium wastes 141-142

and animal wastes. •

8g
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No. of
Area No. and Name Waste Types Years Estimated Volume Cubic Yds References

100 Area Miscellaneous Radioactivity 1944-1975 61,000 m3 80,000 Reference 6,
Solid Waste Burial Grounds contaminated trash and pages 25-27, 39-
(118-B-1, 118-0-7, miscellaneous solid 40, 51-53, 71-
118-C-1, 118-D-1, wastes from 100 Area 72, 73-15, 133-
118-0-2, 118-F-2, facilities. 134, 137-138,
118-F-4, 118-11-1, 118-K) 155-157, 205-207

100 Area Burn Pits Combustible trash from 1943-1971 130,000 m3 170,000 Reference 6,
(100 B/C Burn Pit, 100 Area buildings and pages 57-58,
100/OR Burn Pit, offices. 103-104, 145-
100F Burn Pit, 146, 169-170,
lOON Burn Pit, 209-210
100K Burn Pit)

TOTAL 260,000 m3 340,000 yd3
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is there tidal influence?

The site is located upstream of four dams, therefore, there is not tidal
influence at the site. -

Reference 5, page 2.1

Distance to a Sensitive Environment

Distance to 5-acre (minimum) coastal wetland, if 2 miles or less:

Not applicable.

Distance to 5-acre (minimum) fresh-water wetland, if 1 mile or less:
»yr

G*
No fresh-water wetlands were found near the Hanford Site.

C-
Reference 8

C''

Distance to critical habitat of an endangered species or national wildlife
refuge, if 1 mile or less:

1>
Although there are several sensitive and threatened species that are

^ residents of Hanford Site ( for at least part of the year), no endangered
species are known to be residents of the site. Two threatened species, the

-- bald eagle and the ferruginous hawk, are residents of the site ( for at least
part of the year). Because there are no endangered species ( federal listing)

-- that reside at the site, there is no critical habitat to be considered in the
ranking of the 300 Area Site.

The Draft Phase I Installation Assessment of Inactive Waste-Disposal Sites at
Hanford, Volume 1, July 1986 listed the Merriam's Shrew as being on the State
Endangered Species List. This information was taken from a list published in
a preliminary draft of an environmental impact statement, and, since the
referenced February 1987 list shows the Merriam's Shrew as only a proposed
sensitive species, it is assumed that the previous list taken from the
preliminary draft is in error.

Reference 4; Reference 14

Population Served by Surface Water

Location(s) of water-supply intake(s) within 3 miles ( free-flowing bodies) or
1 mile ( static water bodies) downstream of the hazardous substance and ^
population served by each intake:

1'1,fiz9



The 100-B Pumphouse (at 100-B/C Area) supplies water to 100-B/C, 100-0,
100-N, 100-K and 200 areas. The 100-D Pumphouse (at 100 D/DR Area) is a
backup to the 100-B Pumphouse. The water plant at 100-N supplies water to
both 100-N and the Washington Public Power Supply System Generating Station
which is attached to the 100-N reactor. The 100-K Pumphouse supplies water
to the 100-K area. The worker population of the 100 Area is 760 and the
population of the 200 Area is 2,355.

Reference 9, pages II.1-64-II.1-65; Reference 13, page 3; Reference 15, page
1; Reference 4; Reference 8

Computation of land area irrigated by above-cited intake(s) and conversion to
population (1.5 people per acre):

There are no crops irrigated by the 100 Area intakes, and there are no
documented irrigation intakes drawing from the columbia river within 3 miles
of the 100 Area Site. -

^ Total population served:

The total population served is calculated by summing all the respective
C population estimates:

r- 760 + 2,355 = 3115

a%

Name/description of nearest of the above water intakes:

-- The intake at the 100-D Area is the 181-0 Pumphouse. The intake at the 100-N
Area is the 181-N Pumphouse. -

Reference 4; Reference 8

0%
Distance to above-cited intakes, measured in stream miles.

The distance to the above intakes is zero because the intakes have documented
observed releases.

Reference 4; Reference 8; Reference 11; Reference 12

,'i( lgB
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AIR ROUTE

1 OBSERVED RELEASE

Contaminants detected:

Even though air concentrations of some of the constituents of interest can be

detected above background offsite, no air monitoring data were found

sufficient for HRS scoring of the Hanford CERCLA sites. These constituents

of interest detected above background offsite are present in the routine

gaseous effluents from operating facilities at Hanford. Therefore, the air

route rating factors were not scored.

Date and location of detection of contaminants: -

Not Applicable

CN

Methods used to detect the contaminants:

C^ Not Applicable

C'` Rationale for attributing the contaminants to the site:

Not Applicable

2 WASTE CHARACTERISTICS
^

Reactivitv and incomoatibility

Most reactive compound:

Not Applicable

Most incompatible pair of compounds:

Not Applicable loc^

II^I 00
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Toxicity

Most toxic compound:

Not Applicable

Hazardous Waste Quantity

Total quantity of hazardous waste:

Not Applicable

111
Basis of estimating and/or computing waste quantity:

crY
Not Applicable

^

^_- 3 TARGETS

Population Within 4-Mile Radius

c•°r Circle radius used, give population, and indicate how determined:

0 to 4 mi 0 to 1 mi 0 to 1/2 mi 0 to 1/4 mi

-» Not applicable

Distance to a Sensitive Environment

Distance to 5-acre (minimum) coastal wetland, if 2 miles or less:

Not applicable

Distance to 5-acre ( minimum) fresh-water wetland, if 1 mile or less:

Not Applicable

It'
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Distance to critical habitat of an endangered species, if 1 mile or less:

Not Applicable

Land Use

Distance to commercial/industrial area, if 1 mile or less:

Not Applicable

Distance to national or state park, forest, or wildlife reserve, if 2 miles
or less:

Not Applicable '

Distance to residential area, if 2 miles or less:

Not Applicable
C5

C""
^ Distance to agricultural land in production within past 5 years, if 1 mile or

less:

Not Applicable

" Distance to prime agricultural land in production within past 5 years, if 2
miles or less:

Cr. Not Applicable

Is a historic or landmark site (National Register or Historic Places and
National Natural Landmarks) within the view of the site?

Not Applicable

^10
q^

^tr"
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HRS DOCUMENTATION LOG SHEET SITE NAME U.S. DOE Hanford - 100 Area
CITY Benton County STATE WA
IDENTIFICATION NUMBER

REFERENCE
NUMBER DESCRIPTION OF THE REFERENCE

1 Strontium Determination ALL Matrices , UST-RD-PM-9-80

2 Computer Printouts from Hanford Ground Water Data Base

3 Hanford Wells , PNL-5397, February 1985

4 Draft Phase I Installation Assessment of Inactive-Waste-

Disposal Sites at Hanford , Volume 1, July 1986

5 Environmental Monitoring at Hanford for 1986 , PNL-6120,

May 1987

6 Draft Phase I Installation Assessment of Inactive Waste-

Disposal Site at Hanford , Volume 2, July 1986
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STRONTIUM DETERMINATION

ALL MATRICES

Principle

Strontium is precipitated sequentially first as the
nitrate, and then as the carbonate. The fuming nitric acid
separation removes most of the other interfering ions and
concentrated nitric precipitations remove calcium. Radio-
isotopes of barium, radium, and lead are co-precipitated with
barium chromate. iron and final traces of fission products
are removed by a hydroxide scavenge using mixed hold back
carrier. An additional barium and hydroxide scavenge is done
on difficult matrices. Following a final carbonate
precipitation, gravimetric yield and Strontium-89'pius

C' Strontium-90 activity is determined or just Sr-85 tracer yield
is established. Yttrium-90 is permitted to grow into^

4 equilibrium with the strontium-90, then separated from the

C^' strontium by successive hydroxide and oxalate precipitations.
The yttrium oxalate is transferred to a counting dish, dried
under a heat lamp, ignited to Yttrium Oxide, weighed for
chemical recovery, and counted on a low background Seta

^ Prooortional Counter. Decay counts are made to check the
purity of the Yttrium-90.

Scdoe: Procedures are described for the following matrices:

milk, water, urine, feces, filter, soil, vegetation,

-- and ion exchange resin. Food, bone, tissue and

grains are treated as vegetation.

^ The different sample matrices analyzed as described in

the scope require slightly different preparations. Refer to

C^ the Appropiate Preparation Procedure; 30-19-0L, for eioassay

Samples and 30-20-01 for Environmental Matrices.

For Strontium analysis, varying sample types require even

preliminary separations to bring them to a common point for

the Strontium Determination steps summarized below.
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Milk
strontium is separated from milk and concentrated by

equilibration with cation exchange resin using,a batch

technique. The resin after equilibration is washed with water

to remove milk solids. Sttontium is desorbed from the resin

by equilibrating with 4M NaCl solution. Strontium is
separated from the NaCl solution by precipitating as the

carbonate.

soil
Following leaching the sample is dissolved in 9M HCI and

the majority of iron is removed using an isopropyl ether

extraction. The HC1 solution is converted back to the nitric

form and a fuming nitric acid precipitation is performed. The

nitric acid supernate is reserved for actinide (usually

plutonium) chemistry.

•Vegetation

in the case of vegetation (especially alfalfa) and

C. produce, the sample residue may contain some radioactivity,

depending on the sulfate content of the sample. Hence,
following sample preparation and a fuming nitric acid
precipation, the residue is dissolved in water and any

^ insoluble material is boiled with a concentrated solution of

CY% Na2C03 to convert the insoluble sulfate residue to the acid
soluble carbonate (metathesis). The carbonate is then
refluxed with nitric acid and combined with the soluble water

fraction.

Water
For large volume sample, the sample is acidified and

concentrated by evaporation, neutralized with ammonium

hydroxide, and strontium then is precipitated as the

G^ carbonate. Strontium is precipitated directly from small
volume samples, one liter or less, by neutralizing with
ammonium hydroxide to the red end point of phenolphthaluin and
then adding about 25 mL saturated Na2C03-

Urine and Feces
Following ashing, the sample salts are dissolved in

nitric acid (aliquot of a Fecai sample is analyzed), then made
basic with hydroxide and carbonate heated and precipitated as
the carbonate.

Ion cx'chanqe Resin Samoles

The resin is transferred to a beaker and dried and

muffled for up to 1 week or more. Sodium carbonate (Na2C03)

is added and a fusion is performed. The fusion "cake" is
dissolved in water and a small amount of hydrochloric acid and

then reprecipitated as the carbonate.
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Sequential Analyses

All samples requiring other analysis (usually plutonium

analysis) in addition to strontium must first have a fuming

nitric separation is performed on the sample residue instead

of a carbonate.

Literature References

Sunderman, D. N. and Townley, C. W., The Radiochemistry of
Barium, Calcium, and Strontium . Subcommittee on

Radiochemistry, National Academy of Science - National
Research Council, Office of Technical Services, Department of
Commerce, Washington, D.C.

Baratta, E. G. and Knowles, F. E., Jr., Association of
Official Anaivtical Chemists , 56, No. 1 ( 1973) 213-2•18.

Krieger,•H. L. and E. L. Whittaker, Prescribed Procedures for

Measurement of Radioactivity in Drinking water ,
EPA-600/4-80-032 August 1980. •

c EML - Procedure Manual, HASL 300 Edited by Herbert L. Volchok
and Gail the Planque, 26th edition, 1983.

Urine and Feces Sample Preparation Procedure, 30-BA-SP.

^ Sample Preparation Procedure For Environmental Matrices,
30-ENV-S?.

Stevenson, P. C. and Nervik, W. E., The Radiochemistrv of the

^^• Rare Earths: Scandium, Yttrium, and Actinium . Subcommittee
on Radiochemistry, National Academy of Science - National
Research Council, Office of Technical Services, Department of
Commerce, Washington, D.C.

Harley, J. P., Editor. Manual of Standard Procedures . Health

and Safety Laboratory, United States Atomic Energy Commission,
New York, 1976.

Reagents: All chemicals are of "reagent grade" and deionized
water is used throughout this procedure.

Sr carrier: 59.4 mg Sr/mL, 143.5 g Sr(NO3)2 dissolved and
diluted to 1 liter with ZM HNO3. Calibrated to 100.0 mg SrC03
per mL.
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Y carrier: 20 mg Y per mL, 25.4 g Y203 dissolved in 125 mL

conc. HNO3 and diluted to 1 liter with D.I. H2O. Calibrated

to 25.4 mg Y203 per mL.

Ba carrier: 10 mg Ba+2/mL, 20 g Ba(N03) dissolved and diluted

to 1 liter with D.I. water:

HNO3; (nitric acid).
Fuming; 90% (or 24M HN03)

Concentrated; 16M HN03,

2M HN03; 125 mL of concentrated HNO3 diluted to 1 liter with

D.I. water.

HCl: (hydrochloric acid) concentrated or 12M HCl.

9M HC1; 750 mL of concentrated HCI diluted to I liter with

D.I. water.

6M HC1; 500 mL of concentrated HC1 diluted to 1 liter with
C=* D.I. water.

Cr^
CH3COOH: (glacial acetic), 17.4M.

-s 1.SM acetic acid, 86 mL glacial acetic acid diluted to 1 liter

with D.I. water.
f'

NH4C2H3O2: ( ammonium acetate) 3M.
231 q Of NH4C2H302 dissolved and diluted to 1 liter with D.I.

water.

-- Na2Cr04: (sodium chromate) 1.SM.
125 g Na2Cr04 dissolved and diluted to 1 liter with D.Z.
water.

NHqOH: ( ammonium hydroxide) 14.7M or concentrated.

0°
Na2C03: (sodium carbonate) saturated aqueous - 225 g Na2CO3
diluted to i Liter with D.I. water.

NaOH: ( sodium hydroxide) 12M or concentrated. 540 g of

sodium hydroxide dissolved and diluted to 1 liter with D.I.

water.
6M NaOH; 270 g of sodium hydroxide diluted to 1 liter with

D.I. water.

H2C204.2H20: (oxalic acid) 15s solution, 150 g of H2C204
dissolved and diluted to 1 liter with D.I. water.

Collodion: 10% solution, (50 mL of collodion, 300 mL of

diethyl ether, 150 mL of ethyl alcohol)

Methyl red indicator, 0.1%: Dissolve 0.1 g methyl red in 100

mL D.I. water.
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C?

C^

C

r^..

Phenylphthalein indicator, 0.1%: 1 g phenylphthalein dissolved

in 700 mL of 95% ethanol and 300 mL D.I. water.

Mixed Co, Ce, Cs, Mn, Ni, Fe Hold Back Carrier :

This soiution when prepared as below will contain 2 mg/mL

Co and Ni, 1.0 mg/mL Cs, Mn, Fe, and Ce. Transfer the

following into a 250 mL beaker:

9.91 g Ni(N03)2.5H20 (;tickel nitrate), and

7.24 g Fe(N03)3.9;{20 (Ferric nitrate), and

3.60 g MnCL2.4H20 (Manganese chloride), and

8.07 g CoC12.6H2o (Cobalt chloride), and

2.34 g Ce(N03)3.6H20 (Cerous nitrate)

1.27 g CsC1 (Cesium chloride)

Add fifty mL of water and 5 mL of 8,1 nitric acid. warm

gently until everything has dissolved, then transfer

quantitatively to a 1 liter volumetric flask. Bring the

volume to 1000.0 mL mark, mix well, then pour into a storage

bottle without rinsing the volumetric flask.

Reagents for milk only:

Cation Exchange Resin - Dowex 50w-X8 (Na form), 50-100 mesh

size, avaiiable from Bio-Rad Laboratories. (The commercially

available H^ form is converted into the Na^ !orm by mixing

1.51 of 4M NaCl and 200 mG of resin on a magnetic stirrer for

30 minutes. The resin is filtered in a large Buchner funnel

and washed with deionized water until the wash water is

Cl-free when tested with 10% AgNO3. :f a white AgCl

precipitated forms, additional water washings are necessary.

It is advantageous to prepare enough resin for several

sampLes ahead of time.)

4M NaCl: 234 g NaCl dissolved in a 1 liter graduated mixing

cylinder in distilled water, then diluted to 1 liter.

10% AgNO3 Silver Nitrate: 50 grams of AgN03 dissolved in 300

mL of deionized water. Store in dark bottLe, away from

light.

bottom
Hot plate
Heat lamp
Meeicer burner

_quipment and Materi als

Bea;cers, 2 liter, 1 liter, 250 mL

Centrifuge

Centrifuge tubes, 100 mL plastic and/or glass, SO mL conical
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E,.,

Magnetic stirrer and stirring bar

Filter paper 7 cm GFA, Whatman =42 12.5 cm

Buchner funnel, 7 cm

Funnel, 600

Side arm flask, 1000 mL
125 mL separatory funnel and stopper
Wrist action shaker
Platinum crucible, 150 mL

Muffle furnace 3000C, 10000C

Stainless steel planchet 1 1/2", 1" and cardboard holders

Plastic jar 250 m1 or plastic vial, 25 mL

Balance, 100 g

oE eces, and

C; The calculations for manual mode or computer mode

^y (CALCTL for ERA samples, PERCTL for BA samples) are basically

the same except that in the manual mode, results obtained

should be considered as tentative, as only the uncertainty

r
from counting. statistics are considered.

0-
t: the program is not available, use the following

calculation:

Sr-89 or Sr-90 decay corrected value s

(Sr-89 or Sr-90 reference value) x e-K t

where:

CN t - difference in reference date and current date

"K" - decay constant for Sr-89 and Sr-90, expressed in the

same time units as "t" s.693/t1/2.

L. Total strontium activity of the samole and the
corr'esoondina countina uncertainty are calculated as

follows:

Sr (Total) dpm per sample or pCi per unit =

(Cl,- 8)((dpc)Tot) x (V or W]

(2.221 x Ys x(VA or WA)

Counting Uncertainty dpm or (pCi] per unit or (sample] _
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(2] x SQR (C1/Tl + B/Ta) x(dpc)Tot x[V or W]

--°-----------------------°°--°-----------
[2.22] x Ys x(Vp or WA)

where:

[] ^ The square brackets indicate parameters exclusively
used for environmental or bioassay analyses only.

(dpc)Tot = Disintegrations per count value corresponding to
the weight of Sr(NO3)2 in mg from the dpc table.
Sr-89 and Sr-90 activities are assumed to
contribute equally to the total activity.

Cl = Gross cpm from the first strontium cour)t
.-,

.T1 = Sample counting time in minutes
^

B ° Background cpm

T3 = Background counting time in minutes

C Ys = Chemical recovery of strontium expressed as a
decimal

L?°
(v.or w] a Volume or weight of the sample in the same units as

VA or WA (applicable for bioassay samples only)

VA or WA = Volume or weight of the aliquot in the required
_., unit

2.22 = Factor for conversion of activity from dpm to pCi
(only for environmental samples)

[2] = Two sigma uncertainty reported for environmental
samples only

2. Sr-90 activity of the samole a

Sr-90 dpm per sample or pCi per unit ^

(CY,- B) x eK2t2 x(dPc)Y2 x[V or wt

----------------------- -------------
( 2. 22 ] x I x Ys x Yy x VA or WA

Counting Uncertainty dpm per sample or pCi per unit =
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C'

0w^

C

01

c

G*

[2] x SQR (Cy/Ty + 8/TB) x eK2t2 x(dP'=)Y2 x[V or W]

°°------------..-----------------------------------'
[2.22] x I x Ys X Yy x VA or WA

where:

[] = parameters exclusively used for environmental or

bioassay analysis

Cy = Gross Y-90 cpm

Ty = Time of Y-90 counting in minutes

B = Background cpm

TB = Length of

eK2t2 = Correction

(t2 hours)
counting.
0.693/64.1

nackground counting in minutes

for the decay of Y-90 during the time

elapsed between Y-90 milking and
"K" is the decay constant for Y-90 =
hours.

(opc)Y2 = Disintegrations per count of Y-90 corresponding to

the weight of yttrium oxide and the'counter used

(V,or W] = volume or weight of the total sample in the same

units as VA or WA for Bioassay only

VA or WA = Volume or weight of the sample aliquot in the units
required

[2.22] = Factor, dpm or pCi (Applicable for environmental

samples only)

2 = Correction for the fractional ingrowth of Y-90 in

the strontium sample at the time of milking (from

the table)

Ys = Gravimetric recovery of strontium as strontium
carbonate

Yy = Gravimetric recovery of yttrium oxide (weight of
final Y203 precipitated ( mg)/25.4 mg expected).

3. ' er-89 Determination : Sr-89 activity is determined by

subtracting Sr-90 activity and Y-90 ingrowth, which are

estimated from Y-90 milking and determination, from the total

strontium activity observed during the first strontium count

with appropriate corrections for self absorption, scattering,

and counting efficiency.

Ref. 1.8



20-Sr-02-09
Rev. No. 1, 2/86
UST-RD-PM-9-80

Sr-89 dpm per sample or pCi per unit =

(dpm)S90

(Cl - B) - -------- -

(dpc)='90

(opm)590

(dpc)Y1

x(dpc)S89 x eK3t3 x V or W

(2.22] x Ys x VA or WA

where:

( ] ^ Parameters exclusive for
environmental or bioassay
analyses

C*

^ (upm)S90 = Disintegrations per minute of

Sr-90 nomin3: value before

correcting for factors, such as

2.22, Ys, volume and weight
terms as shown below:

(Cy - 3) . @K2t2 : (doc)y2

---------1*YY-----------

(dpc)s90, ( dnc)yl, ( dpc)Sgg = Disintegratien per count of
- Sr-90, Y-90, and Sr-89

respectively corresnonding to

the counter used and the weight

of strontium carbonate.

C^ (1 - e-Kltl) = Factor expressing Y-90 ingrowth

in the strontium sample during

the time (tl in hours) elapsed
between the time "t0" of the

first Y-90 removal from the

strontium sample and the first

(strontium) count. "K1^ is the
decay constant for Sr-90 ^

.693/28.8 years.

2,22 ^ Factor, dpm per pCi - for
environmental samples only.

(v or w] ^ Volume or weight of the sample
-in the same units as VA or WA

only for eioassay analysis.
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eK3t3 ^ Correction for the decay of

Sr-89 from the date of first

strontium cuunting to the sample

date. "K3^ is the decay
constant for Sr-89 = 0.693/50.5

days.

Counting Uncertainty dpm per sample or pCi per unit -

ES902 E590°(1 - e-Kltl)Z

[2] x SQR (C1/T1 + B/•ra) - --------- + --------------------
(dpc)5902 (opc)y12

x(doc)Sr89 x e{3t3 x(V or w]
--------------- --------------

12.22] x Ys x VA or WA

where:

-_• SQR(Cy/Ty + B/T3). x eK2t2 x(dpc)y2

Z590 ° •----------------------------------
I x Yy

^

All the known uncertainties are propagated using a

computer program.

PRE-ScPARATtGN:

riilk
1(M). Add 100 cc of Dowex SOW-X8 resin (Na-form)

G. equilibrated as described in the reagent section, to

the milk sample aliquots and stir for 3 hours using a

magnetic stirrer. Allow the resin to settle for 5-10

minutes. Decant as much of the milk as possible into

a separate beaker without losing any resin.

2(M). Add about 500 mL of D.Z. Water to the resin beaker

and stir for about one minute using magnetic stirrer.

Allow the resin to settle, decant and discard the

supernate. Repeat this process until visible miik

solids (cloudiness) have been removed from the resin.

3(M). Add 400 mL of 4M NaCl to the resin sample and stir

for 15 minutes. Allow the resin to settle and filter

through a 7-Cm Gc^A filter and collect the filtrate in

a 1000 mL Erlynmeyer flask. Transfer the NaCi

• solution from the flask to a clean 1000 mL beaker.

Transfer the resin from the filter reservoir back to

the resin beaker, add 200 mL of 4M NaC1, stir for 15
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min., filter under is before vacuum and rinse the

resin with H20, collect the filtrate in the 1000 mL
Erlynmeyer flask. Add the second NaCl solution and

rinse from the flask to the 1000 mL beaker containing

the first NaCl solution as wash solution. Discard

the resin to waste.

4(M). Add 2-3 drops of phenolphthalein indicator to the
NaCl solution, then add conc NH4OH while stirring
until the solution turns pink (end point). Add
70-100 mL of saturated Na2C03, and heat for 10
minutes, then cool to room temperature. Decant most
of the supernate to waste. Centrifuge to collect the
precipitate remaining.

C" 3(M). Proceed to the Strontium Determination Section .

KEYPOINT: Exercise extreme caution when performing

the fuming nitric acid step since a
vigorous reaction is possible if any resin

-^ is remaining. -

soil
1(s). Evaporate the BM HN03 sample leachate to dryness,

then add about 5 mL conc. HC1 and carefully evaporate
,.rt . to near dryness at least two times.

^- 2(S). Dissolve the samole,in 9M HC1, transfer to a

separatory funnel, add about 20 mL of isopropyl ether
and shake with frequent venting for 1-2 minutes.
Reject the ether (upper phase). Repeat the isopropyl
ether extraction two more times or until the
yellowish tint indicating iron does not appear in the
ether phase.

3(5). Transfer 9M HC1 phase back to the original beaker and
evaporate to dryness. Convert the sample back to the
nitric media using 2-10 mL additions of conc. nitric
acid and cooperating to dryness after each addition.

4(s). Proceed to step one of the Strontium Determination

Section .

Water

1(W). Add saturated Na2CO3 directly to the water sample or
to the water sample that has been concentrated by
evaporating and allow the precipitate to settle
overnight . Decant most of the supernate to waste and
collect the precipitate in a centrifuge tube.
Dissolve the precipitate in about 3 mL of ZM HNO3,
dilute to 20 mi. with D.I. H2O and proceed to steo 4
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of the Strontium Determination Section .

Urine an d Feces

1(U). Dissolve sample salts by adding about 50 mL of D.I.

water, warm and add 5 to 10 mL of conc. HN03. Add

phenolphthalein indicator, and adjust to the red end

point using concentrated NH40H, Add 25 mL of
saturated Na2C03, heat for 2-5 min. (metathesis),
then cool for 10 minutes.

2(U). Transfer, using D.I. water to 1 or 2 100 mL plastic

centrifuge tubes and allow the sample to cool for at

least 1/2 hour. Centrifuge and decant the supernate

to waste. Add about 30-40 mL of D.I. Water. Stir,

centrifuge, and decant the supernate to w4ste.

t°

0-

3(U). Proceed to the Strontium Determination Section .

Ion Exchanae Resin Samoles

1(R). A prepared amount (see 30-20-01) of strontium-85 and

strontium carrier is added to the sample in its

original container. Add a small amount of deionized

water, cap the container and shake vigorously.

Transfer the sample quantitatively to a 600 mL beaker

(labeled with a Tech pen) with DI water followed by a

rinse with about 5 mL of concentrated nitric acid.

The entire sample is again mixed with a stirrer and

dried under a heat lamp.

2(R). The sample is ashed to a pinkish white residue at

500-5500C in a muffle furnace (process may take up to

a week or more) and then transferred quantitatively

to a platinum crucible. Na2C03 is added in an amount
equal to 4-5 times that of the sample weight and

mixed in thoroughly. The mixture is fused at

900-1000oC for approximately 1-2 hours.

3(R). The platinum crucible is placed in a 600 mL beaker

and the fusion mixture is dissolved with

approximately 200 mL of hot water. The platinum

crucible is removed and rinsed with a minimum of 6M

HC1.

4(R). Approximately 25 mL of sat. Na2C03 is added to the
sample with stirring. After allowing the precipitate

to settle the majority of the supernate is decanted

to waste and the remaining is centrifuged. Proceed

with the strontium carbonate precipitate to the

Strontium Determination Section .
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STRONTIUM DETERMINATION

SPECIAL SAFETY PRECAUTION: Fuming nitric acid is

used in this procedure. It can be hazardous;

especially when brought in contact with organics,

therefore exercise extreme care.

All waste fractions are generally saved to the end of

the procedure; after acceptable recoveries are

received they may be discarded.

Dissolve the sample residue or carbonate precipitate

in a minimum amount of HN03 while stirring. Add

50-70 mL of Eum:ng nitric acid and cool in an ice

bath for 20-30 minutes. Centrifuge and save the

supernate for Seguential Analysis if requested;

proceed to the plutonium procedure (20-PQ-01) with

this fraction.

The fuming nitric acid addition may be done in a

beaker Eirst, then transferred to centrifuge tubes,

especially in the case of soil and vegetation.
l°` • '

KEY POINT: The fuming nitric precipitation is an

excellent separation point for sequential

,,,.,. . chemistry and is usually included in the
sample preparation chemistcy (30-ENV-SP).

2. To the precipitate, add 30-40 mL of conc. HNO3 to
remove excess calcium. Stir, centrifuge and decant
to waste. Repeat one or more times depending on the

calcium content of the particular matrix.

3. Add 20-30 mL of warm D.I. water. Stir to dissolve

completely. If any insoluble material is present

separate this precipitate by centrifuging and

decanting the supernate to a clean centrifuge tube.

V

dry washinq : (metathesis) Transfer the insoluble

material to a beaker with ZM HNO3, add excess Na2C03

and boil for 15 minutes. Transfer back to the tube,

centrifuge and decant supernate to waste. Dissolve

precipitate in 5-15 mL conc. HN03, warm, stir,
centrifuge and combine this supernate with the water

soluble fraction.

KEY POINT: insoluble material not undergoing
metathesis should be retained until an

acceptable ;inal precipitate weight
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recovery or tracer recovery is
established, then it can be discarded.

4. Add 1-2 drops of phenolphthalein indicator and adjust

dropwise just to Basic (pink endpoint) using conc.

NH4OH, then add 5 drops in excess. Add 1 or 2 drops
of mixed (hold back) carrier, allow iron and other

metal hydroxides to flocculate. Centrifuge and

transfer the supernate to a clean centrifuge tube.

Rinse the precipitate with 10 mL of D.I. water

centrifuge and combine the supernates.

5.- Add 10 mL of freshly prepared buffer solution

prepared by mixing equal amounts of 1.SM acetic acid

and 3M ammonium acetate. Add 2-3 droos of methyl red

indicator and adjust the pH to about 5.0, straw color

of methyl red, using glacial acetic acid.or conc.

NH4OH. Heat for 5-10 min. then add 1 mL of barium

carrier and 1 mL of 1.3M Na2CcO4 and continue heating

for 5-10 min.

6. Centrifuge and/or filter the BaCrO4 through a 2" 600

C, funnel (using Whatman *42 filter paper) into a clean

centrifuge tube. Rinse the filter with D.I water.

Fill the centrifuge tube or tubes with saturated

NaZC03, centrifuge, and decant the supernate to
waste.

KEY POINT: Centrifuge only if the 3aCrO4 precipitate
appears to be heavy, otherwise filter.

For vegetation, soil and filter samoles . Dissolve

Co the precipitate in a minimum of 2M HNO3 and repeat

steps 4, 5, and 6.

7. Add fuming HN03 dropwise to the precipitate until the
effervescence has ceased, then add 50 mL of fuming

HN03 and cool in the ice water bath for 5-10 minutes.
Centrifuge and decant the supernate to waste.

KEY POINT: Add the fuming nitric very slowly at

first to avoid sample loss due to the
effervescense.

8. wash the samole one or more times using 20-30 mL of

conc. HN03 depending on sample matrix. High calcium
content matrices may require up to 5 nitric acid

washes. Record the sr-Y seoaration time on the

counting request card.

KEY POINT: 1. If an unusually large orecioitate

Ref. 1.14
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does not appear to diminish in size

after two conc HNO3 washes
discontinue further washes and ^:heck

with your supervisor.

2. The time of the last nitric acid wash

should be considered the seoaration

time.

.r.

C^

C"

C31

^a

9. If Sr-85 tracer was added , dissolve the sample

precipitate in D.I. H20 and transfer to 25 mL volume

in a styrene jar or 20 mL volume in a plastic

(scintillation) vial and submit for a gamma count for

Sr-85 recovery.

10. IP only Sr (,=o1d) carrier was added , dissolve the

precipitate in 10 mL of H2O, add 25-50 mb of

saturated Na2C03, warm for 5-10 minutes, centrifuge,

and discard the supernate. wash the precipitate

twice with 20-30 mL D.I. H2O, centrifuge and discard

the wash. slurry the strontium carbonata precipitate

with 1-2 mi of D.I. HZO and transfer quantitatively

to a tared 1" or 1 1/2" stainless steel planchet.

Dry under infrared lamp. Cool, weigh, and record on

the request card and beta count on either a Low 3eta

(plated on 1 1/2" planchet) or a Quad Low Background

Beta proportional counter (plated on 1" or 1 1/2"

planchet).

11. Allow up to 14 days to permit Y-90 to grow into

equilibrum with the Sr-90 (the ingrowth time may be

shortened if necessary provided a growth correction

is made).

Ref. 1.15
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STRONTIUM-90 (BY YTTRIUM-90)

12. Using 2M HN03, carefully dissolve and rinse the
strontium carbonate precipitate from the planchet
into a S0-mL centrifuge tube. If sr-85 yield
determination was performed, transfer from the
Styrene jar or plastic and to a 100-mL tube.

Transfer one Yttrium carrier vial containing exactly
i mL of Yttrium carrier (20.0 mg Y/mL). Rinse the

vial with 0.1. water, stir and 1et stand for 10
minutes.

13. Add 12M NaOH until a permanent clear gelatinous
precipitate forms, then add 2 to 3 mL excess and
decant supernate to a Styrene jar for possible

r% re-milk. stir, centrifuge for 5 minutes.' Note the
Yttrium separation date and time on the analysis
request card.

^ 14. Dissolve the precipitate with (1-2 mL) of conc. HNO3,

dilute to approximately 25-30 mL with water, then add
conc. NH4OH (approximately 15 mL) until a permanent

C% precipitate forms. Add 2 to 3 mL excess NH40H, stir,
centrifuge for 5 minutes and decant the supernate to

•^ waste.

Ory
15. Repeat Step a14 then wash the precipitate with 25 mL

„ of water, centrifuge for 5 minutes and decant the
supernace to waste.

16. Dissolve the precipitate using 1 mL of conc. HCI,

then add 40 mL of boiling hot 15% oxalic acid

solution and let stand for S to 10 minutes.
Centrifuge for 5 minutes and decant and discard the
supernate. Wash the oxalate precipitate twi•:e with
10 mL of water, centrifuge for 5 minutes and decant

and discard the supernate.

17. Transfer the precipitate with water to a previously
flamed, labeled, and tared 1" or 1 1/2" stainless

steel planchet (depending on the beta counter to be
used) with a plastic transfer pipet and dry under a
heat lamp. Ignite slowly over at Maker burner to
convert the oxalate co the oxide. Cool, weiyh and
record weight on the request card, fix the sample to
the planchet with collodion (2 or 3 drops), and

submit for a beta proportional count.

Ref. 1.16
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'1ELL 11.1•CCTI:1'I CRNSTIT'lE IT T•IAq AUALY413 AUALY8I5
1A-'E 1AII. :IA'IE FLAO VALUE SPQY80R

LESS
•ICLL CULLECTI I I CLI9TIT IE It TdA'1 ARALYBIS
'14 IE PATE IA'IE FLAG VALUE

1-.11-5 4/10/87 1,1r1-T < 1.0000Etut
1-1111-5 11/10/87 1,1,2-T 4 1.0JOnEtJl
1-111-5 •1/10/011 ALU'01'Jll 4 1.5:100Eto2
1-11 I-•i 1/10h11 A.IM'1IlIU 4 5.0491Eto1
I»•1•I-'i •1/1 )/87 A41`I0IY c 1.oJOjEt02
t-I•1-S 1/10/87 ARSEUIC 4 5.000aEto0
1-'I4-i 4/t'^/el BARIU•I 5.010JEtol
1-•II-5 I/1A1/87 UERYLAII < 5.010JEt00
1-11•1-S 1/14/07 UETA 8.110-1Et00
1-II1•3 4/l0/67 CADII'PI c 2.nOnlEtJO

1-41-3 4/10/87 CALCITl 6.031WEtoq
1-tl'I-5 4/10/87 C:ILfORd • 2.090JEto1
I-tI4-5 7/10/O1 CII1.411ID 6.SiuqEt03
1-1i'I-S 4/10/07 CIULIR III 1.7700Et02
I-di-S 1/1.0/07 C.) 6J -1.600 aet00
1-'17•5 q/14/0 CILIFIUI 4 2.2000EtU0
1-•11-5 4/10/87 C•111I111CT '1.I40UEt08
1^dl-S ;I/l0/07 COPPER < 1.0000Et01
1-1111-S 1/1-1/87 CJ-131 4 3.6608E00
1-11 1-5 4/l0/07 FAL l'IIII < I.5o0oEt02
1»d1-5 1/10/07 FARTIIq 4 I.000nE02
1-11I-S q/10/47 FARSEII c 5.111noEtuU
I-il•1•S 4/10/07 FOA:II LI 5.500UEt01
1-U•1^9 4/10/87 FUE.IYLL 4 9.00nuetoD
1-I1.l-5 4/10/U7 FCAU'IIJ < 2.000JEtoU
1-R9-S 7/10/07 FCALCIU 5.lo0JEtOq
1-ir1-5 1/10/87 1CU401I 1.6800E02
1-nl-5 4/10/87 FCUPPER < 1.00011Et01
1-111-5 =1/10/91 FIR1Y c 5.01100Et01
1-411-5 4/1')/01 FLEAO c 5.1100'lEt0O
1,14-S 4/10/07 FL4I•111I0 < 5.000UEt02

I-111-9 4/10/87 FiAfWL'S I.JI00EtUq
1-n•1•'i 7/14/01 F IA IGAR 4 5.Ouo.lEtOU

i •1/10/87 F IEdCiIR c I.OOnOE-ol
1-n1-5 4/10/47 FIICKEL c 1.0000EtOt
1-^11-5 +1/10/87 FU8,II1•I < 3.0004CtU2
1-17-5 a/l0/81 FPnTA38 4.6)oaEto3

4/10/87 FBELE'II 5.000uEt00
I-S 1/10/87 F9ILVER 4 I.OO0uEt81

1»li-S 1/10/tl7 1`70.1I11 1.0•104EtOq
I - ^ I 1 - •i •1•10/q1 fJT0U.IT <.. . 3.n Iu:ICtA2

y {r9dst^

6 Far A'Sr

A:JALYSIS
SPOUS0R

LESS
YELL CULLECTI11:1 CURSTIPIE IT T.IA'1 AIIALYSIS ANALYSIS
IA+IE U%TE ;IA IE FLAG VALUE SP:JU80R



t-d I-5 1/lJ/Ol F/A IANI 5.11QU IEtUU j HI ^•t '^ '1 l ^ A1 3't
1-111=5 -1/10/37 FZI.IC 4,200u60t 1 111
1-•II-5 1/10/87 IROI 5,0a00C+Ot N
1-111-5 4/10/07 LEAUCF 4 5,u000Et0u 11
1-RI-5 1/10/87 L'IALP•IA 2,36u4Etou 11
1-:11-5 '1/10/87 I-XYLG < 1,0000Etnl 11
1^•1`I-5 1/10/07 4AC'IE'1 1•0900Etu4 H
1-^rl-S 1/10/97 34'L;E-iE < 5,0^1011Etuu it
1»n1-'i 1/14/07 'IEl1C'1•)Y 4 1,O90JE-01 rl
1-11-5 •1/10/07 ICI'101E < 1,0009Etol N
1-111-5 7/10/07 dL'T•IYCR 4 1.0000Et0I H

1-n'1-S 1/10/81 rIICKEL 4 1•000.1Et01 11
1-Hi-5 9/10/87 rIITNATE 2.87onEto4 N
1-°11-5 4/10/07 UPXYLE 4 1,090uEtn1 it
1-•1 I-1 •I/10/07 (1911IICI < 3,0000Et02 it
1-'1 l-'i 4/1J/01 PCRGEIE 4 l.unn•IEtOI II

'1/10/47 Pit 7.3101EtO0 N
t-II'1-i 1/10/07 P.IOBP IA < 1.u40JEt'13 It
1-'II-3 W111/97 PHTABHH 4.5iu0Etd3 N
1-'11-1 1/t0/47 RAUIU I < 1,470•)E-02 H
1-111-5 1/1n/n7 RO t0u < -1.970-rEtol U
1-.11-5 7/10/07 9ELEIWN 4 5,9a0uEt0u •1

1/14/01 9ILVE11 4 1.0n0uEt01 H
1-:r1-'i •
1-'Id-'i

7/to/87
d/ln/nl

B:Int'11
S^t nn <

1.100UE*J9
7 S50nF-'11

N /^ 9G,
K.. BK^i ^('or sr

^-r^
1-d7-i

^.a•ao,

1/!0/07

a•:^r»,c

TELtA IE <
..,....^r••^
l,u0u0EtOl H

1^^14-i '1/I•1/87 T4C < 8,6h00Et02 N
1-94-5 I/10/n1 TaX 4 t,u4n0EtJ2 H
1-1I1-5 4/10/87 T-IICE IE 4 I,OOOOEtuI N
I-II4-'i 1/10/87 TrtITI•111 1,u700Etu3 N
1-It'I-1 •I/l0/d7 11 2,070uEt90 U
1-+11-i 1 /10/07 VA'1411IH 5,')ODUEt00 N
1-11 I-'i 1/10/01 ZINC 4,0400Et01 11

LE89
uELL CuLLECTI`UI CHHJTIT'IE IT T:IA I A;IALYBIU
'1A9C J.1TE 'IA IE FLAO VALUE

6-77-54 6/12/81 1,1,1-T < 1.0400EtOt
b-77-S4 6/12/07 1,t.2-T 4 1,0u0uEt01
6-17-94 6/12/87 l,1-01H < 3,0000E403
6-77-54 6/12/07 1.2-41N < 3,000)Et03
6-77-51 6/12/87 12-Ihun < I,0')OUE+OI
6-17-54 u/12/01 t239TE 4 l,lY)OOEtOI
6-71-51 6/12/47 l23iTC 4 1,000JEtut
6»77-14 1/1,2/87 123THI 4 1,00nJEtn1
6-17-54 6/12/87 13-Ihun < 11,000Etn1
6-17-34 6/l2/87 135TRI 4 1.010UEt01
6-71-54 6/12/87 14-11jun 4 1.0000Et01
6-77-'i4 6/12/01 ACETILE < 3.0400Et03
6-77-54 6/12/47 ACRYI•IE < 3,01)n0Et03
6-77-14 0/12/nl ALKALIN l.lJ0oEt05

;o 6-17-59 ;,/12/117 ALLYLAL 4 3,0900Et03
,to 6-77-5'1 6/12/J7 A'Irl'It1IU 4 5,000oEt0/
• 6-/7-5'4 6/12/07 ifCTA 0.5100Et00

6-17-14 6/12/07 C,IL4CET < 3,00u0Et03
6-77-i•I 6/12/i17 C ILFU.P1 < 1.0'101Etu1

1n1 6-77-i•1 u/12/47 C•IL.IRAL < 3.440'IEt43

ANALY8I9
$PON901i



cT t a ( 3 ;t ? ^ 0 1^ 7

6-77-5. o/12/fi7 C-ILUtI:) 5.7I07Etu3

b-77-)4 u/12/07 CAPJt'IP 4 3.030oEtO3

6-77-14 u/12/87 C'Pb1lICT 2.790JE02
6-71-5'1 0/12/117 CYAIU-tU < 3.000.IEt03
6-17-ii 6/12/81 CYA•ICIL < 3.001I0Et03
6-17-511 /12/07 CYA'IJCU 4 I.O011t1EtU3
6-77-51 V12/117 GICPRII' 4 3.000 IEtU3
6-71-54 u/t2/,17 ETHCA.Ia < 3.49a)EtU3
6-77-;'1 b/12/87 EAICYtH < 3.0110•IEtU3
6-77-59 0/l2/01 ETIIIXIU < 3.011O,EtOT
6-77-54 6/12/07 FAL1414 < 1.5d04Et02
6-77-54 u/12/07 FAUTIId < 1.01101JE1,02
6-77-'i4 u/l2/07 FARSE11 4 S.0J6•IEt.1J

6-77-54 n/12/87 FlIA.tIIN 2.1Ia0uEtal
6-77-74 u/12/87 FuE1:YLL < 5.0O0aEt09
6-77-5'1 6/l2/01 FCA.r11u 4 2.01jaata0u
b-11-i4 0/l2/07 fCALC[tl 3.5007Et0q
6-17-'i•t /12/07 F .1•tn It 4 I.a00aEtU1
6-7 •, 6/l2/07 FCOPI'kR , loa1a01
6-77•14 6/12/117 FIR 1:1 < 5.0)OqEtUI
6-77-54 u/12/07 FLUHtIU 5.0400Et02
6-77-S4 6/12/47 FLU'IU'IA 4 3.000UEt03

6+77-i4 u/12/07 fIIAGUCS 1.160uEt4q

6-77-54 6/12/117 I"lAUOAH 4 5.040UEt00
6-77-54 6/12/07 FIEUCIR < I.0001)E-0t
6-77-51 o/12/O7 F:IICKCL 4 1.000UEtOl
6-77-5l1 u/12/07 FoStldq < 3.0000Et02
6-77-51 6/12/87 FP0TA7S 4.0)OVEt03
6-77-54 6/12/07 FSELEII < 5.0100Et00
6-77-54 u/12/07 FSILI'EH < 1.01)09EtOl
6-77-5'I u/12/d7 fSO.II LI 1.5•10;1Et04
6-77-31 o/12/0l FSTRRIT 4 3.0004E02

' 6^11-i1 6/12/97 FYAIA'II 2.7400EtOl

6-77-54 o/12/41 FZIIC 1.00011Et01
bJ7-iq o/12/117 GLYCGIY < 3.000i1Et03
6-77-54 u/l2/117 IIEXACIL 4 1.nuo9Etal
6-77-'i4 u/l2/47 IIEXC'IEU 4 1.000'ILtU1

6-77-57 u/12/u7 IIYIJRAZI 4 3.04U4EtU3
6-77-Sq 6/12/87 I50:IUTY < 3.u'!0•lEtu3
6-77-57 0/12/87 KER'001 < 1.000uEtUq
6-77-54 6/12/07 LdALP-IA 1.090uEtuU
6-77-14 u/t2/47 N-XYLE 4 1.U1100Et0l
6-77-'i4 u/12/+11 tlCTIUIE 4 1.01100Et0l
6-71-i4 6112/0 nET-IYC1 4 1.0400Et4t
6-77-534 6/12/,17 IcTZIIE < 3.U01DUEt03
6-77-54 6/12/d7 UAPUTIA 4 1.0U00EtOl
6-77-iq 6/12/47 UITUATE 7.9n00Etu3
6.77-5'1 u/12/07 OPXYLE 4 1.400UEtul
br77-S'1 6/12/81 PARALIE < 3.11009Et03
6,•77-51 6/l2/t17 PEt1TC-IJ 4 I.u40UEtOt

6-77-54 6/12/47 PERCEIE 1.0001JEt01
6-17-54 6/12/I17 P.1 7.3000E+00

V -77-54 6/I2/81 P.1 7.61100EtU4
77-54 4/l2/07 PdE JUL < 1.00uoEtol1

-77-54 6/12/l11 PH091'.I4 < I.0000Ct43
6-77-54 u/12/87 P'HIPYLA < 3.0'J03Etd3
6-77-54 u/12/07 1'3119YlU < 3.0'100EtU1
6-77-54 ,,/12/07 SILFATE 4.1504EtOq
6-77-54 0/12/07 TETHAfIE 4 1.4O0JEtU1

(D
-6 6-77-54 u/12/07 TETdC:U) < 1.09011EtOl
' b-/7-514 u/12/47 TIC 4 4.q500Et02

• N 6J7-5q n/12/97 i IdLOL < 1.650-1EtdJ
^ 6^17-^•+ ,/12/'I7 TJICC IE < 1.070aftul
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HELL IRIT.
DESIGNATION CAta(IM) DRILL DEPTH DEPTH TO MIN-MAX

-'--- - COORDIMAT!! t1tY. DEPTH (FT) TO DIA. BOTTOM PERFORATED

EHA NO.

------------- ---- -----•--.
1n.11111L)

....._•---

(FT)

-------

WATER
--------

(IN)

-----

(FT)

----------

DEPTN

------

(FT)

-----

N 894921
199 113 1 P 411.96 75 45 8.0 75 29 - 74
1890 H 0411652

N 0957^^
199 N4 1 P 117.75 75 6.0 30 25 - 58
1875 H 03810/

H 895200
199 NI 2 P 42/.43 386 3 6.8 311 25 - 50
1876 H 038565

N 896373
199 114 3 P 420.35 55 39 6.0 55 34 - 55
1877 H 039989

H 093560
99

E4
P 41).76 55 36 6.0 58
H 038685

--^ N 096639
99 8^ =3l P 416.26 66 36 6.0

W 039065

N 696473
199 81 6 P 119.58 55 41 6.1 54
1874 H 040245

m
fi

w

DATE
CORP. FORMER
(M-Y) DESIGNATION COMMENTS

8-60 SAMPLB PUMP

3-52 107-N-1 CASING REMOVED

5-52 107-11-2 CONFINED AQUIFER

5-74 SAMPLE PUMP

6-83 SCREEN 33-43 GROUTED
SAMPLE PUMP

5-83 SCREEN 32-42 GROUTED
SAMPLE PUMP

5-83 SCREEN 39-49 GROUTED
SAMPLE PUMP



q ! 1 ! dl 9 " 6 n

NELL INIT.
DESIGNATION CASING DRILL DEPTH DEPTH TO NIN-MAX DATE
----------- COORDINATES ELEV. DEPTH ( FT) TO DIA. BOTTOM PERFORATED COMP. FORMER

EMA NO.
----------- ---------------

( FT-NSL)
----------

( F?)
------

WATER
-------

( IN)
-------

(FT)
----------

DEPTH (FT)
-------------

(N-Y) DESIGNATION
----------------------

N 086157
199 H 1 P 456.10 190 54 8.0 62 34 - 95 5-64
1908 N 060593

O 456.37 60 50 1.59 40 - 60 10-64

P 456.38 98 55 1.50 88 - 98 10-64

Q 456.36 74 55 1.50 72 - 74 19-64

N 086577
199 -N 2 P 459.83 125 57 8.0 95 35-120 6-64
1984 M 060306

O 460.19 76 57 1.59 60 - 70 10-64

P 469.10 122 57 1.50 132 112-122 10-64

p 460.10 107 61 1.50 105-107 10-64

R 460.10 79 1.50 77 - 79 10-64

N 086365
199 N 3 P 459.45 125 63 8.0 70 34 - 95 6-64
1896 N 060828

O 459.72 68 1.59 60 - 68 10-64

P 459.71 122 1.50 112-122 10-64

p 459.72 98 1.50 96 - 98 10-64

R 459.71 80 1.50 78 - 80 10-64

N 085921
99 N 4 P 458.73 150 52 8.9 73 50 - 60 6-64

N 060042

O 457.90 63 54 1.50 50 - 60 4-64

P 457.90 138 1.50 128-138 10-64

0 457.90 123 1.50 113-123 10-64

R 457.90 105 1.50 103-105 10-64

S 457.90 78 1.50 76 - 78 10-64
m
^

w

COMMENTS

PLUG AT 95

SAMPLE PUMP

REMOVED

REMOVED

REMOVED

REMOVED

CEMENT BRIDGE 073 FT
SAMPLE PUMP

REMOVED 6-74

REMOVED 6-74

REMOVED 6-74

REMOVED 6-7J

REMOVED 6-74



wiLL IMIT.

D[GICMI100 CASIN,e DRILL DEPTH DEPTH TO MIN-MAX DATE
... . CODODINATES ELEV. DEPTH (FT) TO DIA. BOTTOM PERFORATED CORP. FORMER

iM Mp,
_...........-----------

(FT-MSI.)
----------

IFT)
-------

WATER
-------

(IN)
------

(FT)
----------

DEPTII (FT)
-------------

(M-Y)
----------

DESIGNATION
--------------

COMMENTS
---------------- --..----

I M 076590
6/9 71 11A F 379.07 6.0 35 5-13 HR-11 FILLED IN WITH SILT

w 023350

0 076691
6y9 )1 110 F 380.00 36 6.0 36 5-43 IIR-12 FILLED IH WITH SILT

w 92U70

699 76 16 375.01 19 26.0 19 0- 0 REF.2 NO.70 FILLED IN

c5^ 76 )0 116.09 41 36.0 0- 0 13/25-3D1 DUG WELL
REF.7

► 076925
699 )) 16 9 397.26 21 72.0 21 0- 0 T16N R27E FILLED IN

w 916215 32-01

M 016190
699 17 16 i 612.20 150 35 0.0 82 32 - 82 1-57 CEMENT PLUG AT 82FT

w U6150 SAMPLE PUMP

w 076606
^ 659 77 41 P 661.37 14 72.0 46 0- 0 REF.2 N0.71 FILLED IN

w 012500 &1610

N 076700
699 77 56 F 480.59 150 84 8.0 118 70 -120 5-57 CEMENT PLUG AT 120FT

M 051190 SAMPLE PUMP

699 78 36 465.09 38 48.0 0- 0 REF.2 N0.20 FILLED IN FARM WELL
4489 N.RUN NO.6

N 078059
699 70 45 P 432.90 36 60.0 0- 0 REF.2 NO.111 FILLED IN

W 861625

N 077750
699 78 62 P 669.08 150 76 8.0 109 70 -120 5-57 #15 SCREEN 67-107 FT
4511 W 062300 SAMPLE PUMP

699 79 104 771.00 699 370 16.0 743 629-678 2-53 PSN 515 ARMY CAMP WELL
14/25-31M1

N

W

W



HELL INIT.
DESIGNATION CASING DRILL DEPTH DEPTH TO MIN-MAX DATE
---------- - COORDINATES ELEV. DEPTH (FT) TO DIA. BOTTOM PERFORATED COMP. FORMER

EMA NO.
-------------- ------------

(FT-MSL)
----------

(FT)
-------

WATER
-----

(IN)
--------

(FT)
- --------

DEPTH ( FT)

--------------

(M-Y)

--------

DESIGNATION

---------------

COMMENTS

---------------

N 871800
9 03 P 139.79 63 46 8.0 63 28 - 60 3-53 197-8-1 SAMPLE PUMP

1B5 H 079830

N 071752
199 B3 2 P 442.59 790 28 8.0 768 635-645 8-53 107-8-2
1852 H 870818

1856 p 413.38 770 1.58 758-778 3-71

1857 p 442.81 6421 42 1.59 429 632-642 3-71

N 070000
199 84 1 P 161.80 90 65 8.2 83 56 - 9/ 2-49 108-0-1 SAMPLE PUMP
1853 H 080650

N 969933
199 Bl 2 P 461.99 90 63 6.0 86 62' - 90 2-49 128-8-2 PLUG AT 86
1651 H 080672 •

N 969933
199 84 3 P 461.75 91 63 8.0 86 60 - 90 2-49 188-8-3 PLUG AT 86
1855 H 086636

N 868978
199 Bl 4 P 472.11 165 76 0.0 96 49 -192 9-68 SAMPLE PUMP
1891 H 980367

H 069930
199 B5 1 P 455.56 151 58 8.0 100 4 0 -140 8-62 PLUG AT 100
1895 H 082080

N 867375
199 Be 1 P 494.59 75 8.6 76 NONE 3-51 C431-1 NOT ACCESSIBLE

H 900190

N Y67180
199 88 2 P 495.59 25 8.6 26 NONE 4-51 C131-2 CASING REMOVED

N 08080®

N 067/55
199 BB 3 P ♦88.59 25 8.0 26 NONE 4- 51 C131-3 CASING REMOVED

H 081118

N 867510
199 Be 4 P 188.59 25 8.0 26 NONE 4-51 C431-4 CASING REMOVED

H 001120

z
m-fi

w
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^

WELL INIT.
DESIGNATION CASING DRILL DEPTH DEPTH TO MIN-MAx DATE
----------- COORDINATES ELEV. DEPTH (FT) TO DIA. BOTTON PERFORATED COMP. FORMER

EMA NO.

-------------- --- ---------

(FT-MSL)

----------

(FT)

------

WATER

---------

(IN)

-----

(FT)

----------

DEPTH (FT)

--------------

(M-Y)

---------

DESIGNATION

------------

N /9352/
199 05 7 P 165.57 35 8.9 36 3-49 167-DR-1

W 952146

N $93520
199 05 8 P 165.57 31 6.0 32 3-49 187-DR-5

W 852099

N 09152/
199 DS 9 P 462.57 35 8.0 36 3-49 167-DR-6

H 051990

199 135 18 166.51 28 DRY 8.6 29 14 - 27 4-57 196-DR-1

199 D5 11 461.57 27 DRY 6.6 28 14 - 27 4-57 190-DR-2

N 892125

COMMENTS

CASING REMOVED

CASING REMOVED

CASING REMOVED

99 DS 12 P 169.67 91 85 8.9 91 35 - 90 8-60 BAMPLB PUMP
W 852566

199 D7 1 629.89 51 40.9 51 1- 8 T1611 R268 FILLED IN
14-F1

199 D7 2 128.98 39 84.0 192 1- Y T1111 R268 FILLED IN
11-F2

N 995230
199 DB 1 P 480.88 37 6.8 37 5-43 HR-9 FILLED IN

H 853146

N 891725
199 D8 2 P 444.61 77 DRY 8.8 64 30 - 75 6-52 107-D-1
1861 N 053018

N 094729
199 DB 3 P 449.06 81 62 6.6 81 35 - 79 6-52 187-13-2 SAMPLE PUMP1862 H Y522B5

m
^

w
^
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WELL INIT.
DESIGNATION CASING DRILL DEPTH DEPTH TO MIN-MAK DATE
------ ---- - COORDINATES ELEV. DEPTH (FT) TO DIA. BDTTOM PERPORATED COHP. FORMER

EHA
-------

NO.
---- -- ---- ---------

(FT-HSL)
-----.-----

( FT)
-------

WATER
-----

( IN)
--------

(FT)
----------

DEPTH
------

( FT)
-------

(M-Y)
---------

DESIGNATION
-------------- --------

COMMENTS
-------------•

199 K 13 464.00 159 72 12.0 138 3-53 100-9 OIL IN WELL

199 K 14 469.05 95 8.8 95 12-52 195-KW-1

N 077160
199 K 15 P 408.00 150 6.0 150 1-13 U.8.E.D.TR.

N 069059 NO. 1

H 076300
199 R 16 P 404.80 50 8,1 50 2-53 105-KE-1

W 867800

199 K 17 " 106.00 75 8.1 75 50 - 75 9-53 105-5E-2

199 K 18 409.08 66 21 8.1 49 18-51 107-99-3
1879

N /78000
199 K 19 P 122.17 51 30 8.0 51 10 -- 50 4-55 1#7-KE-4 SCREEN 26-46 FT.
1881 W 067800 SAMPLE PUMP

N 079500
199 R 20 P 422.57 50 31 8.1 48 18 - 50 5-55 197-KC-5 SAMPLB PUMP

85 W 066125

H 080000
199 K 21 P 421.73 50 DRY 8.1 16 10 - 50 5-55 107-5E-6
1806 W 966000

N 081000
199 K 22 P 421.68 50 30 0.8 49 10 - 50 5-55 107-KB-7 115 SCREEN 29-69 IFT.
1887 H 065000 SAMPLE PUMP

N 078000
199 K 23 P 405.00 80 DRY 8.0 25 65 - 80 2-56 1706-KER-1

W 868000

N 077000
199 K 24 P 167.00 50 8.0 50 NONE 12-52 185-KH-2

H ®69000
;o
m
^

w

rn
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2.0 DESCRIPTION OF HANFORD SITE
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This section provides a summa'ry of environmental conditions at the

Hanford Site and a brief discussion of the Site's purpose and history. It

also describes specific environmental features and the the process history of

each operational area (i.e., the 100, 200, 300, 400, and 600 Areas).

2.1 ENVIRONMENTAL SUMMARY

The semiarid Hanford Site, operated by the DOE, occupies about 1,476

square kilumeters (570 sq mi) of the southeastern part of Washington State

north of where the Yakima River flows into the Columbia (see Figure 2.1). The

Site lies about 320 kilometers (200 mi) east of Portland, Oregon, 270 kilome-

ters (170 mi) southeast of Seattle, Washington, and 200 kilometers (125 mi)

southwest of Spokane, Washington.

Environmental conditions common to all areas at Hanford Site are

summarized below. Descriptions of these environmental aspects are based on

several recent reports (U.S. DOE 1984; Sommer et a]. 1981; Yandon 1977; U.S.

ERDA 1975).

2.1.1 Geology and Soils

The Hanford Site lies in the Pasco Basin, a structural and topographic

basin of eastern Washington and the Columbia River Basalt Plateau. The region

is underlain by three geologic units. In ascending order these are: 1) the

sequential beds of basaltic lavas and interbed sediments of the Columbia Ri'ver

Basalt Group at the base; 2) the Pliocene-age Ringold Formation (lacustrine

formation), consisting of well-rounded pebbles and cobbles with interstitial

spaces filled with medium sand; and 3) the Hanford Formation, consisting of

the Pasco (glaciofluvial) gravels and associated sediments of the late

Pleistocene age lying at the surface.

The surface geology of the Site is characterized by a surface layer of

light brown, fine, slightly silty, wind-deposited sand, sparsely covered by

vegetation. Although the surface soil is fertile, it has little agricultural

value without irrigation. Underlying the surface sands is a mixture of sand

2.1
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FIGURE 2.1. Features of the Hanford Site.
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and gravel extending to a depth of about 60 meters (200 ft). Basaltic rock

starts at that depth and extends downward over 3000 meters (1.9 mi).

.d.

f^

i3q

C.,

Elevations range from a low of about 105 meters (345 ft) above mean sea

level (MSL) in the southeastern part of the Hanford Site to a maximum of

1,091 meters (3,579 ft) at the crest of Rattlesnake Mountain to the west.

(See Section 2.3 for a discussion of geologic features peculiar to each

operational area.)

2.1.2 Meteorology

The Site lies east of the Cascade Mountains and, as a result, has a

semiarid climate reflecting the rainshadow effect of the mountains. The

average annual precipitation for the Site is about 160 millimeters (6.3 in.).

Ten percent of this amount falls from July through September, and 42' falls

from November through January. The greatest amount of rainfall recorded in a

12-hour period was 47.8 millimeters (1.9 in.).

Because of the limited rainfall, surface runoff from the Hanford Site is

minimal. The annual precipitation mostly evaporates, resulting in small

amounts of water available for runoff or infiltration.

2.1.3 Hydroloay and Hydrogeology

The Columbia River (the fifth largest river by volume in North America)

is the dominant aquatic ecosystem on the Hanford Site. Numerous dams have

been built on the river. The only free-flowing section in the United States

is between Priest Rapids Dam and McNary Reservoir, along the Hanford Site. No

significant tributaries enter the stream in this section.

The Columbia has a long-term annual average flow of about 3,600 cubic

meters per second (127,000 cfs). [The Yakima River, by comparison, flows an

average of about 90 cubic meters per second (3,180 cfs).] The flow rates of

the Columbia are influenced by water usage and upstream reservoir projects.

The reservoirs provide active storage of more than 4.6 x 1010 cubic meters

(37,000,000 acre-feet) of water.

The uppermost aquifer in the Pasco Basin is an unconfined system within

the Hanford and Ringold Formations. The elevation of this aquifer ranges from

2.3
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excluded from public use by the DOE and are used as a wildlife refuge and for

DOE environmental research. The land north of the Columbia River is

controlled by the Washington State Department of Game and the U.S. Fish and

Wildlife Service as controlled hunting areas and a game refuge.

Land use within a 50-kilometer (30-mi) radius of the Site includes

residential, suburban, corporate city, agricultural, industrial and com-

nercial, scenic, recreational, and general use areas. The predominant use of

lands within the 50-kilometer (30-mi) radius is agricultural, with farms

located along or near all the Site boundaries.

2.1.6 Population

Population in the area surrounding the Hanford Site is sparse, consisting

primarily of farms and farming communities to the north, east, and west of the

Site. The Tri-Cities (Kennewick, Pasco, and Richland), located to the south

and southeast of the Hanford Site, represent the major population concentra-

tion in the area (Sommer et al. 1981).

In 1980, an estimated 341,000 people were living within an 80-kilometer

(50-mi) radius of the Hanford Meterological Station ( HMS) (see Figure 2.4); it

is estimated that the number will grow to 417,000 by 1990.

2.1.7 Air Quality

Air quality in the vicinity of the Hanford Site is generally quite good.

'.r'ind-eroded dust is a problem in the area, and the dust storms that occur in

the region can produce high total-suspended particulate concentrations. How-

ever, on both an annual and a short-term basis, the region is in compliance

with the National Ambient Air Quality Standards (NAAQS) for particulates. All

other pollutant levels also satisfy the federal and State of Washington

standards (U.S. DOE 1984).

2.2 PURPOSE AND HISTORY

In 1943, after the Fermi experiment showed that nuclear fission could be

controlled in a small reactor, the U.S. Army Corps of Engineers selected

"anfurd as the location to build larger versions of the Fermi reactor to

aroduca plutonium for possible use in military weapons. Construction started

2.9
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in March 1943 on three reactor facilities and three chemical processing

facilities. The first of the reactors went into operation about 18 months

after the start of construction, and the first plutonium was available some

4 months later.

After World War II, five reactors similar to those built during the war

were constructed. A total of eight graphite-moderated reactors used the

:ulumbia River for once-through cooling (i.e., water circulated through the

reactors only once before being released back to the river).

Early in the 1950s construction began on the research and development

facilities known as the Hanford Laboratories. This marked the first diversi-

fication of Hanford from a purely defense-materials production facility to one
.
heavily involved in peacetime uses of the atom.

In 1963 the N Reactor was built. The N Reactor is different from the

uther eight reactors in that it generates steam as a by-product of the

plutonium production and does not use river water as a once-through coolant.

Since 1966 the Washington Public Power Supply System has used the steam to

generate electricity.

A presidential decision was made in early 1964 to begin shutting down the

older Hanford reactors. This decision resulted in the closing down of all

eight of the older reactors by the end of 1971, leaving the N Reactor as the

only operational production reactor.

2.3 DESCRIPTION OF OPERATIONAL AREAS

Environmental features specific to each operational area are described

below; the waste-processing history of each area is also discussed. Each area

is identified by number (i.e., 100, 200, 300, 400, and 600) and by letter

(e.g., the 100-F Area is the location of the 100-Area F Reactor). Appendix B

provides further information on waste-disposal site locations and types of

waste-processing facilities in Hanford's operational areas.

2.3.1 100 Areas

The nine 100 Areas (8, C, 0, DR, KE, KW, F, H, N) border the Columbia
River in the northernmost part of the Hanford Site. Each of the nine areas

2.11
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has one production reactor. Eight of these reactors have been shut down; only

the N Reactor, used for both plutonium and electricity production, is still

operating. Because some of the areas are contiguous (B/C, D/DR, KE/KW), the

Hanford Site map shows only six 100 Areas (Figure 2.1).

The 100 Areas are generally flat with no major surface features. The

Hanford Formation lies near the surface of the 100 Areas, covered by a thin

layer of wind-deposited silt and fine sand. The water table is found in these

sediments at a depth of about 20 meters (66 ft), except in the F and H Areas

where the depth to the water table is about 35 meters (115 ft) and 40 meters

(131 ft), respectively. The depth to the Ringold Formation is about 25 meters

(82 ft); the top of the basalt bedrock is approximately 240 meters (790 ft)

below the surface.
^r.

Because the water table occurs within the highly permeable sandy gravels

of the Hanford Formation, it fluctuates as the river level rises and falls.

The ground water generally flows from the 100 Areas and toward the river.

-2. When active, each of the 100 Areas included support facilities such as power-

^ housas. Except for 100-N, these powerhouses produced process steam from

coal-fired boilers; 100-N has oil-fired boilers. Adjacent to each area's

powerhouse were large storage areas that received railroad carloads of coal

g' and disposal areas for flyash/clinker disposal. Most areas also included

water-treatment plants, water-storage tanks, subsurface sewage-disposal

-• systems, raw-water intake structures, and process sewers.

B.and C Areas . The B and C reactors are located adjacent to each other

on a 2.6-square-kilometer (650-acre) site (the 100 B/C Area) and are the

farthest upstream of the 100 Areas. The B Reactor was operated from 1944 to

1968, and the C Reactor was operated from 1952 to 1969. Virtually all the

facilities in the area are inactive, with the exception of the B/C export

water system, which continues to provide the raw water supply to the 200 Area

and some 100 Areas. An electrical substation in the area taps power for the

pumps providing the 200-Area water. Fewer than 100 people work in this area

(Yandon 1977).

When the reactors were operational, cooling water was drawn from the

river and treated with alum, sulfuric acid, and chlorine. Excess sulfuric

2.12
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acid was used to maintain the pH of the water within a desired range. To

control oxidation of aluminum parts in the reactor, sodium dichromate was used

to maintain an oxidation coating on aluminum parts. The chlorine was added

for algae control in the settling basins; at times copper.sulfate was added

for additional algae control. Chromic acid, oxalic acid, and nitric acid were

used for dummy fuel-element decontamination.

:se

!rs

^ Is

^

^r-

C"`

c3*

c:^

^
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•ea

:a

In addition to vertical safety rods for emergency reactor shutdown, the

reactors were equipped with hoppers of nickel-plated boron steel balls,

nickel-plated carbon steel balls, and stainless steel balls that would drop

into the vertical safety rod channels for emergency shutdown. This system

required no supplementary power source. Although it was never used, a third

safety system, one involving the use of a potassium borate solution, was in

olace at the reactors.

A supplementary control system, in addition to the aiormal horizontal

control rods, was incorporated into the reactors. This supplementary control

system consisted of a Poison(a) Column Control Facility that could charge

selected process tubes with a lead-cadmium poison to absorb neutrons. Boron-

carbide aluminum poison splines were also used for supplementary control.

The coolant water system and backup control and shutdown systems at the

uther 7 once-through-cooled reactors were similar to the those in

100 B/C Area.

D and OR Areas . The 100-D/DR Areas, covering about 3.9 square kilometers

(970 acres), are located 11 kilometers (7 mi) downriver of the 100-B/C Area.

The D Reactor was operated from 1944 to 1967 and the OR Reactor from 1950 to

1965. These areas are extensively used, and their utilities and services are

still in operation. The electrical substation serves as a backup supply for

the 100-N Area. The water system is a backup system for the 100-B water

Vstem, which supplies water to the 200 Areas. The UNC Nuclear Industries

engineering laboratory here is operated in support of the N Reactor.

Approximately 20 people are employed in the D and OR Areas (Yandon 1977).

a) The term poisun refers to a material's ability to absorb neutrons and
thus cuntrol the rate of fission.

2.13
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2.0. BACKGROUND INFORMATION

21. DESCR1PTiON OF THE HANFORD SITE

K. R. Price, P. J. Mitchell, and M. D. Freshley

Gc,

v

L=_'e

G^

The U.S. Department of Energy's Hanford Site Is located in a rural region of south-
eastern Washington and occuples an area of 1,500 km2 The Site ( shown In Fig-
ure 2.1) lies about 320 km northeast of Portland, Oregon, 2713 km southeast of
Seattle, Washington, and 200 km southwest of Spokane, Washington. The Columbia
River flows through the northern edge of the Hanford Site and forms part of the
eastern boundary. The southern boundary of the Site Includes the Rattlesnake Hills,
whlch exceed 1000 m in elevation. Both confined and unconfined aquifers are
present beneath the Site. The main geologic units are the Columbia River Basalt
Group, the Ringold Formation, and a series of glaciofiuvial sediments. The Hanford
Profect was established In 1943 and was originally designed, built, and operated to
produce plutonium for nuclear weapons.

SURFACE CHARACTERISTICS OF THE
SITE

The semiarid land on which the Hanford Site is
located has a sparse covering of desert shrubs
and drought-resistant grasses. The most
broadly distributed type of vegetation on the
Site is the sagebrush/cheatgrassIbluegrass com-
munity. Most abundant of the mammals is the
Great Basin pocket mouse. Of the big-game ani-
mals, the mule deer is the most abundant, while
the cottontail rabbit is the most abundant of the
smail-game animals. Coyotes are also abundant.
The bald eagle is a regular winter visitor to the
relatively large areas of uninhabited land com-
prising the Hanford Site.

The Columbia River, which originates in the
mountains of eastern British Columbia, Canada,
flows through the northern edge of the Hanford
Site and forms part of the Hanford Site's eastern
boundary. The river drains a total area of
approximately 70,800 km2 enroute to the Pacific
Ocean. The tiow of the Columbia River is
regulated by 11 dams within the United States, 7
upstream and 4 downstream of the Site. Priest
Rapids Dam is the nearest impoundment up-
stream of the Site, and McNary Dam is the
nearest dam downstream. (The Hanford reach of
the Columbia River extends from Priest Rapids
Dam to the head of Lake Wallula, which is
created by McNary Dam.) This is the only stretch
of the Columbia River within the U.S. that is not
impounded by a dam. The width of the river

varies from approximately 300 m to about 1000
m. The flow through this stretch of the river is
relatively swift, with numerous bends and several
islands present throughout the reach_

The flow rate of the Columbla River in this region
is regulated primarily by Priest Rapids Dam.
Hanford reach flows fluctuate significantly
because of the relatively small storage capacity
and operational practices of the nearby upstream
dams. A minimum flow rate of 1,000 cubic
meters per second (m3/s) [36,000 cubic feet per
second (cfs)j has been established at Priest

Rapids. Typical daily flows range from 1,000

rt>3/s (36,000 cfs) to 7,000 m3/s (250,000 cfs)
with peak spring runoff flows of up to 12,600

m3/s (450,000 cfs) being recorded. Typical
annual average flows at Priest Rapids Dam are
3,100 m3/s (110,000 ds) to 3,400 m3/s
(120,000 cfs). Monthly mean flows typically peak
from April throuah .lune and are at the lowest

levels from Septem5rth ough October.

The temperature of the Columbia River varies

seasonally. Minimum temperatures are ob-
served during January and February while maxi-
mum temperatures typically occur during August
and September. Monthly temperatures for the
river rann='rnm -^ro=•im,iteiv 3°C to about 20°C
during th., a year. Water storage
management practices at upstream dams and
the flow rate of the river dictate, to a large extent,
the thermal characteristics of the Columbia River
along the Hanford reach.

2.1
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The Columbia River system has been developed
extensively for hydroelectric power, flood con-
trol, navigation, irrigation, and municipal and
industrial water supplies. In addition, the Han-
ford reach is used for a variety of recreational
activities including fishing, hunting, boating,
water skiing, and swimming. The State at
Washington has classified the stretch of the
Columbia River from the Washington-Oregon
border to Grand Coulee Dam (which includes the
Hanford reach) as Class A and established water
quality criteria and water use guidelines for this
class designation. Because these criteria do not
include specific limits for radionuclides, Environ-
mentat Protection Agency (EPA) and State of
Washington drinking water limits were used for
comparison. Other surface water on the Site
consists of West Lake (a small, natural pond)
and a number of ditches and artificial ponds
created for routine disposal of waste water.

Hanford's climate is dry and mild; the area
receives approximately 16 cm of precipitation

annually. About 40% of the total precipitation

occurs during November, December, and Janu-
ary; only 10% falls in July, August, and Septem-
ber. Approximately 45°/, of all precipitation from
December through February is snow. The aver-
age minimum and maximum temperatures in July
are 16°C and 32°C. For January, the average
temperatures are 3°C and -6°C.

Monthly average wind speeds range from about
10 knVh in the summer to 14 km/h in the winter.
The prevailing regional winds are from the
northwest, with occasional cold-air drainage into
valleys and occurrences of strong crosswinds.
The region is a typical desert area with frequent
strong inversions that occur at night and break
during the day, resulting in unstable and
turbulent wind conditions.

Land near the Hanford Site is primarily used for
agriculture and for livestock grazing. Agricultural
lands are found north and east or the Columbia
River and south of the Yakima River. These
areas contain orchards, vineyards, and fields of
alfalfa, wheat, and vegetables. The Hanford Site
north of the Columbia River is shared between a
state wildlife management area and a federal
wildlife refuge. The northeast slope of the Rattle-
snake Hills along the southwestem boundary of
the Site is designated as the Arid Lands Ecology
Reserve (ALE) and is used for ecological
research by DOE

The major population center nearest to the Han-
ford Site is the Tri-Cities area (Richland, Pasco,

and Kennewick), which is situated on the Colum-
bia River downstream from the Site and has a
population of approximately 90,000. Approxi-

mately 340,000 people live within an 80-km
radius of the Hanford Site. This number includes
people living in the Tri-Cities, the Yakima area,
several small communities, and the surrounding

agricultural area. More detail on Site charac-
teristics and activities is available in "The Final
Environmental Statement, Waste Management

Operations, Hanford Reservation" (ERDA 1975).

SUBSURFACE CHARACTERISTICS OF
THE SITE

The DOE operations on the Site have resulted in
the production of large volumes of waste water

that have historically been discharged to the
ground through cribs, ditches, and ponds.
These discharges greatly influence the physics
and chemistry of the subsurface. Approximately

25 billion liters of liquid effluent in the 200 Areas

and 2.6 billion liters of liquid effluent in the
100N Area were disposed to the ground during
1986, including process cooling water and water

containing low-level radioactive wastes. The dis-
charge of waste water to the ground at the
Hanford Site began in the mid-forties and
reached a peak in 1955. After 1955, discharge
to cribs declined because of improved treatment

of waste streams and the deactivation of various
facilities (Graham et at. 1981). Since the restart
of the Plutonium and Uranium Extraction
(PUREX) Plant and related facilities in late 1983,
discharge at PUREX-related effluents has
resumed.

Subsurface structures, such as cribs, have
primarily been used for the disposal of water
containing radioactive wastes, while surface
ponds and ditches have primarily been used for
the disposal of uncontaminated cooling water
(Graham et at. 1981). Sanitary wastes are
discharged to the ground via tile fields. The
majority of liquid disposal occurred in the Separa-
tions Area, which includes the 200-East (200E)
and 200-West (200W) Areas (Figure 2.1).
Smaller amounts of waste water were disposed
in the 100 and 300 Areas. Discharges of waste
water to the ground in the 400 Area were
minimal.

2.3
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the Ringold formation has been removed.
These sediments were deposited by the an-
cestral Columbia Riverwhen it was swollen by gla-
cial meitwater. The glaciofluvial sediments con-
sist primarily of gravels and sands, with some
silts (Newcomb, Strand and Frank 1972).

Hydrology

Both confined and unconfined aquifers are
present beneath the Hanford Site. The confined
aquifers, in which the ground water is under pres-
sure greater than that of the atmosphere, are
found primarily within the Columbia River basalts.
In general, the unconfined or water-table aquifer
is located in the Ringold Formation and glacio-
fluviat sediments, as well as some more recent
alluvial sediments in areas adjacent to the Colum-
bia River (Gephart et al. 1979). This relatively
shallow aquifer has been affected by waste-
water disposal at Hanford more than the
confined aquifers (Graham et al. 1981). There-
fore, the unconfined aquifer is the most
thoroughly monitored aquifer beneath the Site.

The unconfined aquifer is bounded below by

either the basalt surface or, in places, the reia-

tively impervious clays and silts of the lower unit

of the Ringold Formation. Laterally, the uncon-
fined aquifer is bounded by the amictinal basalt

ridges that ring the basin and by the Yakima and

Columbia rivers. The basalt ridges above the

water table have a low permeability and act as a

barrier to lateral flow of the ground water

(Gephart et at. 1979). The saturated thickness of

the unconfined aquifer is greater than 61 rn in

some areas of the Hanford Site and pinches out

along the flanks of the basalt anticlines. The

depth from the ground surface to the water table
ranges from less than 0.3 m near the Columbia

River to over 106 m in the center of the Site.

The elevation of the water table above mean sea

level for June of 1986 is shown in Figure 2.3.

Recharge to the unconfined aquifer originates
from several sources (Graham et al. 1981). Natu-
ral recharge occurs from precipitation at higher
elevations and runoff from ephemeral streams to
the west, such as Cold Creek and Dry Creek.
The Yakima River recharges the unconfined
aquifer as it flows along the southwest boundary
of the Hanford Site. The Columbia River re-
charges the unconfined aquifer during high
stages when river water is transferred to the
aquifer along the river bank. The unconfined
aquifer receives little, if any, recharge from pre-

cipitation directly on the Hanford Site because of

a high rate of evapotranspiration under native
soil and vegetation conditions. However, pre-
sent studies, such as those described by Heiler,
Gee, and Meyers (1985), suggest that precipita-
tion may contribute more recharge to the ground
water than was originally thought.

Large scale artificial recharge occurs from offsite
agricultural irrigation and liquid-waste disposal in
the operating areas at Hanford. Recharge from
irrigation in the Cold Creek Valley enters the
Hanford Site as ground-water flow across the
western boundary. Artificial recharge fromwaste-
water disposal at Hanford occurs principally in the
Separations Area. It was estimated that re-
charge to the ground water from facilities in the
Separations Area (including B Pond and Gable
Mountain Pond, as well as the various cribs and
trenches in the 200W and 200E Areas) adds ten
times as great an annual volume of water to the
unconfined aquifer as is contributed by natural
inflow to the area from precipitation and irrigation
watersto thewest (Graham et ai.1981).

The operational discharge of water has created

ground-water mounds near each of the major

waste-water disposal facilities in the Separations

Area and in the 100 and 300 Areas (Figure 2.3).
These mounds have altered the local flow

pattern in the aquifer, which is generally from the

recharge areas in the west to the discharge areas

(primarily the Columbia River) in the east. Water

levels in the unconfined aquifer have changed

continuously during Site operations because of

variations in the volume of waste water

discharged. Consequently, the movement of

ground water and its associated constituents has

also changed with time.

In addition to the Separations Area, ground-
water mounding also occurs in the 100 and
300 Areas. Ground-water mounding in these
areas is not as significant as in the Separations
Area because of differences in discharge vot-
umes and subsurface geology. However, in the
100 and 300 Areas, water levels are also greatly
influenced by river stage.

Liquid Effluent Movement

If significant quantities of liquid effluents are
discharged to the ground at the Hanford Site
waste disposal facilities, then these effluents
would percolate downward through the
unsaturated zone to the water table. As

2.5
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Draft Phase I Installation Assessment of Inactive

Waste-Disoosal Site at Hanford , Volume 2, July 1986
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Uncontrolled Hazardous Waste Site Ranking System; A Users Manual ,

40 CFR 300, Appendix A
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x
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U.S.G.S. Maps of the area around the 100 Area:

Coyote Rapids, Wash 15 Minute Map
Smyrna, Wash 15 Minute Map
Corfu, Wash 15 Minute Map
Priest Rapids, Wash 15 Minute Map
Hanford, Wash 15 Minute Map
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TABLE II.1-5a ( Continued)

CHARACTERIZATION OF 300 NORTH AND WYE BURIAL GROUNDS

• Field survey of waste disposal sites begun late FY-1975

• Drilling of current series of sampling wells completed late FY-1976

• Estimate of any migration of radionuclides based on available data completed early
FY-1977

• Final report and disposal site maps completed and issued late FY-1977

PLUTONIUM RECOVERY

• Oetailed schedules will be developed based on the results of the 216-Z-9 Crib
plutonium recovery program.

FISSION PRODUCT RECOVERY

• No schedule for recovery has been established.

11.1.1.3 Plant Water Usage

Sanitary and process water for the Hanford Reservation operations are supplied from a number of
different locations (Table 11.1-6). The 100-8 pumphouse, with the 100-0 as backup, supplies
water to 100-8-C, 100-0, 100-H, 100-F, and 200 Areas. (All of these areas are shown on Fig-
ure II.1-1.) A water plant at 100-N Area supplies sanitary and process water to both 100-N
and the WPPSS generating station located adjacent to 100-N. The 300 Area pumphouse supplies all
water needs for the 300 Area. The City of Richland water supply system is intertied to the
300 Area system as an emergency backup. Various wells in the 600 Areas on the site supply both
sanitary and process water.

An average of 440 cfs ( 0.4% of annual average flow) of Columbia River water is continuously

0)
withdrawn, mainly for cooling purposes. Most of this water is discharged directly back to the

•, river as nonradioactive disposal. In addition, approximately 34.7 cfs (less than 0.03: of the
0_'73 total.annual average flow) of Columbia River water is withdrawn and discharged to the ground as

sanitary and industrial wastes. Wells supply approximately 73,000 gal/day for sanitary and
minor irrigation use which is almost entirely discharged to the ground.

11.1.1.4 Waste Inventories [X.18]

Multiple disposal sites for radioactive waste have been used at Hanford during its 30-yr
history. The choice of disposal site is based on many factors including half-life and toxicity
of the elements involved, quantity of material to be discarded, proximity to water table and/or

^4 the Columbia River, and optimum personnel radiation exposure and contamination control. The
use of many of these sites has been terminated.

The waste inventory data reported subsequently and in greater detail in Appendix 11.1-C for
cribs, burial grounds, ponds, ditches, specific retention sites, and unplanned releases are sub-
ject to variations in sample collection and analysis.

High-level waste streams are analyzed for plutonium, uranium and neptunium. Fission product
content is calculated from irradiation history. The total contents of all waste tanks are known
with fair precision, although the contents of individual tanks and, to some extent, of individ-
ual tank farms are less certain because )f transfers among tanks and farms.

Discharges to cribs, specific retention sites, ponds and ditches are based on line samples. •
Since the concentration of radionuclides in these streams is often low, accuracy is low and con-
siderable uncertainty is involved. In some cases, particularly for discharges to ponds and
ditches, the radioactivity is below limit of detection and the results are therefore reported
as "less-than" figures.

Unplanned releases of liquids to grounds are based on estimates of volumes involved and of con-
centrations-of the radionuclides in the stream. Gaseous releases are based on stack samples.

11.1-64
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TABLE 11.1-6

PLANT WATER USE

G"•

%„'''

C*

C°

fa+

^

:

i

Plant or Facility Source of Supply Primary Use

100-8 Columbia River Process water
100-8 Pumphouse

100-D Columbia River Process water
100-0 Pumphouse

100-K From 100-K Pumphouse Process water

100-N Columbia River-100-N Process, sanitary and
Pumphouse cooling water

100-F From 100-8 Pumphouse Process water

200 Areas 100-8 Pumphouse Process and cooling water
Well 299-E26-6 Emergency cooling water
Wells 299-E28-11 and supply
15 Emergency process supply

300 Area Columbia River Process and sanitary
300 Area Pumphouse 331 Fish Ponds

FFTF Wells 699-50-7 Construction and Sanitary
699-SO-8
699-S1-78

Atm. Physics 100-B Pumphouse Sanitary

609 Fire Sta. 100-8 Pumphouse Sanitary
(100 Area
Central)

609 A Fire Sta. 100-8 Area Sanitary
(200 Area
Central)

6652C ( Aeronomy) Rattlesnake Springs Sanitary

66521 (Ale Hq) Well 699-26-89 Sanitary and Irrigation

Emergency Well 699-S18-51 Sanitary
Relocation Ctr.

BY Telephone Well 699-50-2BA Sanitary
Exchange

Hanford Road Well 699-Han-9 Industrial and Sanitary
Maintenance

Vernita Park Wells 699-72-101A, Sanitary and Irrigation
8 and C

Reported quantities of radioactivity in burial grounds or storage tunnels are estimates based on
ooerating history and radiation levels of the equipment or waste buried. Generally, these data
are of greater uncertainty than liquid and gaseous streams since there is no practical method by
which a representative sample, particularly of large equipment pieces, can be obtained.

Overall, however, the accuracy of the inventory total is believed to be within a factor of two,
probably within 50% or better. The reported inventories in this final environmental impact
statement have been adjusted to a single significant figure to reflect the uncertainties in the
data.

11.1.1.4.1 Contained Solids and Liquids

11.1.1.4.1.1 Disposat Sites

The approximate inventories of solid waste disposal in the 100 Areas through 1972 summarized
below are shown in Appendix II.1-8, Part 3. These inventories are corrected for decay through
the end of 1972.

11.1-65
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METH00 6010

INDUCTIVELY COUPLED PLASMA METHOD

1.0 Scooe and Aoolfcation

1.1 Method 6010 is approved for determining the concentration of trace
elements in mobility procedure extracts (exclusive of arsenic and selenium),
wastes, and soils.

1.2 This method may be used for the determination of total elements in
groundwater if the detection limit is less than primary interim drinking
water standards or less than background levels.

1.3 All samples must be subjected to an appropriate dissolution step
,^ prior to analysis. ( Refer to Section 2.1.)

C.* 1.4 Precaution must be taken to ensure that all spectral, chemical and
physical interferences are detected and the appropriate corrective measures
taken.

^ 1.5 Use of this method is restricted to experienced spectroscopists.
C*

1.6 Elements for which Method 6010 is an approved procedure are:
co

Aluminum Cobalt Potassium
- Antimony Copper Silica

Barium Irdn Silver
Beryllium Lead Sodium
Boron Magnesium Thallium
Cadmium Manganese Vanadium
Calcium Molybdenum Zinc

i Chromium Nickel

2.0 Sumieary of Method

2.1 Prior to analysis by Method 6010, samples must be prepared for
sample introduction. The method of sample preparation will vary according to
the sample matrix. Aqueous samples are subjected to the acid digestion
procedure described in this method. Sludge-type samples are prepared using
the procedure described in Method 3050. For samples containing.oils, greases
or waxes, the procedures described in Methods 3030 and 3040 may be applicable.

2.2 Method 6010 describes a technique for the simultaneous or sequential
multielement determination of trace elements in solution. The basis of the
method is the measurement of atomic emission by an optical spectroscopic
technique. Sanpies are nebulized and the aerosol that is produced is trans-
ported to the plasma torch where excitation occurs. Characteristic atomic-line
emission spectra are produced by a radio-frequency inductivety coupled plasma

Ref. 10.1



2/ MULTIELEMENT INORGAJIIC ANALYTICAL TECHNIpUES

(ICP). The spectra are dispersed by a grating spectrometer and the intensities

of the lines are monitored by photomultiplier tubes.. The photocurrents from

the photcmultiplier tubes are processed and controlled by a computer system.
A background correction technique is required to conpensate for variable
background contribution to the determination Of trace elements. Background
must be measured ad,iacent to analyte lines on sanqles during analysis. The
position selected for the background intensity measurement, an either or both
sides of the analytical line, will be deternined by the complexity of the
spectrum adjacent to the analyte line. The position used must be free of
spectral interference and reflect the same change in background intensity as
occurs at the analyte wavelength measured. Background correction is not
required in cases of line broadening where a background correction measurement
would actually degrade the analytical result. The possibility of additional
interferences named in 3.1 ( and tests for their presence as described in 3.2)
should also be recognized and appropriate corrections made.

^
3.0 Interferences

C
3.1 Several types of interference effects may contribute to inaccuracies

in the determination of trace elements. They can be summarized as follows:

3.1.1 Soectral interferences can be categorized as (1) overlap of
a spectral line from another element; ( 2) unresolved overlap of molecuiar
band spectra; ( 3) background contribution from continuous or recombina-

^. tion phenomena; and (4) background contribution from stray light from
the line emission of high concentration elements. The first of these

° effects can be compensated by utilizing a computer correction of the
raw data, requiring the monitoring and measurement of the interfering
element. The second effect may require selection of an alternate
wavelength. The third and fourth effects can usually be compensated
by a background correction adjacent to the analyte line. In addition,

C> users of simultaneous multielement instrumentation must assume the
responsibility of verifying the absence of spectral interference for
an element that could occur in a sample but for which there is no
channel in the instrument array. Listed in Table 2 are some inter-
ference effects for the recommended wavelengths given in Table 1. The
data in Table Z are intended for use only as a rudimentary guide for
indicating potential spectral inte'rferences. For this purpose, linear
relations between concentration and intensity for the analytes and the
interferents can be assumed.

3.1.1.1 The interference information, which was collected at
the Ames Laboratory,l is expressed as analyte concentration
equivalents (i.e., false analyte concentrations) arising from 100
mg/liter of the interference element. The suggested use of this

lAmes Laboratory, U.S. DOE, Iowa State University, Ames, Iowa 50011.

Ref. 10.2



6010 / 3

TABLE 1. RECOt41EN0ED WAVELENGTHS AND

ESTIMATED INSTROMENTAL DETECTION LIMITS

Estimated detection

Elertant uaveiengtha ( nm) limitb (µg/l) .•

Aluminum 308.215 45

Arsenic 193.696• 53c
Antimony Z06.833 32

Barium 455.403 2

Beryllium 313.04Z 0.3

Boron 249.773 5
Cadmium 226.502 4
Caicium 317.933 10

< :r Chramium Z67.716 7
Cobalt 228.616 7

0

Capper 324.754 5

Iran 259•440 7
C Lead 220.353 42

Magnesium 279.079 30

Manganese 251.610 2

Molybdenum 202.030 $
15Nickel 231.604

dPotassium 766.491 see

Selenium 196.026 75c
Silica (Si02) 288.158 58

Silver 328.068 7

Sodiura 588.995 29
Thallium 190.864 40

Vanadium 292.402 8
Zinc 213.856 2

aThe wavelengths listed are racortmended because of their sensitivity

and overall acceptance. Other wavelengths aay be substituted if they can

provide the needed sensitivity and are treated with the same corrective

techniques for spectral interference (see 3.1.1). In time, other elements

may be.added as more information becomes available and as required.

bThe estimatedinstrumental detection limits as shown are taken from

'Inductively Coupled Plasma-Atomic Emission Spectrascapy-Praminent Lines."
EPA-600/4-79-017. They are given as a guide for an instrumental limit.

The actual method detection limits are sample-dependent and may vary as
the sample matrix varies.

cHethod may not be applicable for groundwater analysis for these
metals.

dHighty dependent on operating conditions and plasma positjon.

Ref. 10.3



6 7

TABLE 2. ANALVIE CONCENTRAT10t1 EQUIVALENTS
ARISING FRON INTERFERENTS AT TIIE 100 MG/L LEVEL

Analyte Wavelength (nm) Al Ca Cr Cu

Interferent

Fe Mg

(m9/1)

Mn Ni Ti V

Aluminum 308.215 -- -- -- -- -- -- 0.21 -- -- 1.4
Antimony 206.833 0.41 -- 2.9 -- 0.08 -- -- -- 0.25 0.45
Arsenic 193.696 1.3 -- 0.44 -- -- -- -- -- -- 1.1

Barium 455.403 -- -- -- -- -- -- -- -- -- --
Beryllium 313.042 -- -- -- -- -- -- -- -- 0.04 0.05
Boron 249.173 0.04 -- -- -- 0.32 -- -- -- -- --

Cadmium 226.502 -- -- -- -- 0:03 -- -- 0.02 -- --
Calcium 317.933 -- -- 0.00 -- 0.01 0.01 0.04 -- 0.03 0.03

-OVChromium 261,716 -- -- -- -- 0.003 -- 0.04 -- -- 0.04

Cobalt 228.616 -- -- 0.03 -- 0.005 -- -- 0.03 0.15 --
Copper 324.154 -- -- -- -- 0.003 -- -- -- 0.05 0.02

Iron 259.940 -- -- -- -- -- -- 0.12 -- -- --

Lead 220.353 0.17 -- -- -- -- -- -- -- -- --
Magnesium 279.079 -- 0.02 0.11 -- 0.13 -- 0.25 -- 0.07 0.12

Manganese 251.610 0.005 -- 0.01 -- 0.002 0.002 -- -- -- --

Nolybdenun 202.030 0.05 -- -- 0.03 -- -- -- -- --
Nickel 231.604 -- -- -- -• -- -- -- -- '- -'
Selenium 196.026 0.23 -- -- -- 0.09 -- -- '- -- "

'Silicon 288.158 -- -- 0.07 -- -- -- -- - -- 0.01

Sodium 588.995 -- -- -- -- -- -- -- -- 0.08 --

Thallium 190.864 0.30 -- -- ° -- -- " -" -- --

Vanadium 292.402 -- -- 0.05 -- 0.005 -- - -- 0.02 --

2inc 213.056 -- 0.14 -- -- -- 0.29 -- --

m

^
0
11



6010 / 5

information is as follows: Assume that arsenic (at 193.6g6 nm) is
to be determined in a sample containing approximately 10 mg/liter
of aluminum. According to Table 2, 100 mg/liter of aluminum would
yield a false signal for arsenic equivalent to approximately
1.3 mg/liter. Therefore, 10 mg/liter of aluminum would result in
a false signal for arsenic equivalent to approximately 0.13 mg/liter.

The reader is cautioned that other analytical systems may exhibit
souswhat different levels of interference than those shown in
Table 2, and that the interference effects eust be evaluated for
each individual system.

3.1.1.2 Only those interferents listed were investigated, and
the blank spaces in Table 2 indicate that measurable interfer.nces
were not observed for the interferent concentrations listed in
Table 3. Generally, interferences were discernible if they produced
peaks or background shifts corresponding to 2-5: of the peaks
generated by the analyte concentrations also listed in Table 3.

3.1.1.3 At present, information on the listed.silver and
potassium wavelengths is not available but it has been reported
that second order energy from the magnesium 383.231-nm wavelength
interferes with the listed potassium line at 766.491 nm.

3.1.2 Physical interfere nces are generally considered to be
effects associated with the sample nebulization and transport processes.

^ Such properties as change in viscosity and surface tension can cause
significant inaccuracies especially in samples which may contain high

= dissolved solids or acid concentrations. The use of a peristaltic
pump may lessen these interferences. If these types of interferences
are operative, they must be reduced by diluting the sample and/or util-
izing standard addition techniques. Another problem which can occur
from high dissolved solids is salt buildup at the tip of the nebulizer.
This affects aerosol flow rate, causing instrumental drift. Wetting the
argon prior to nebulization, the use of a tip washer, or sample dilution
have been used to control this problem. Also, the use of a high solid
nebulizer can reduce salt build-up in the nebulizer and can also prevent
drifting and loss of sensitivity in the instrument. In addition, it has
been reported that better control of the argon flow rate improves
instrument performanca. This is accomplished with the use of mass flow
controllers.

3.1.3 Chemical interferences are characterized by molecular
compound formation, Ionization effects and solute vaporization•effects.
Normally these effects are not pronounced with the IC? technique;
however, If observed they can be minimized by careful selection of
operating conditions (that is, incident power, observation position,
and so forth), by buffering of the sample, by matrix matching, and
by standard addition procedures. These types of interferences can
be highly dependent on matrix type and the specific analyte eler,ent.

Ref. 10.5
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TABLE 3. INTERFERENT ANO ANALYTE ELEMENTAL CONCENTRATIONS
USED FOR INTERFERENCE MEASUREMENTS IN TABLE 2

^

M^

C^

C`

^

G?''

ea,

Analytes mg/liter Interferents mg/liter

Al 10 Al 1,000
As 10 Ca 1,000
B 10 Cr 200
8a 1 Cu zoo
Be 1 Fe 1,000

Ca
Cd
Co

^Cr
Cu

1
10
1
1
1

1
1
1

10
10

Mg 1,000
Mn 200
Ni Z00
Ti 200
v 2o0

Fe
Mg
Mn
Mo
Na

Ni
Pb
Sb
Se
Si

T1
Y
Zn

10
10
10
10
1

10
1

10 .
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3.2 It is retommended that whenever a new or unusual sanple matrix

is encountered. a series of tests be performed prior to reporting concentra-

tion data for analyte elements. These tests, as outlined in 3.2.1 througtr
3.2.4, will ensure the analyst that neither positive nor negative interfer-
ences will have an any of the analyte elements and distort the accuracy of
the reported values.

3.2.1 Serial dilution: If the analyta*cancentration is sufficiently
high (minimally a factor of 10 above the instrumental detection limit
after dilution), an analysis of a dilution should agree within S percent
of the original determination (or within some acceptable control limit
that has been established for that matrix). If not, a chemical or

CD physical interference effect should be suspected.

r 3.2.2 Spike addition: A spike addition added at a mininnm level
of IOx the instrumental detection limit (maximlm 100x) to the original
determination should be recovered to within 90 to 110 percent or within
the established control limit for that matrix. if not, a matrix effect
should be suspected. The use of a standard addition analysis procedure

f can usually compensate for this effect. CAUTION: The standard addition
technique does not detect coincident spectral overlap. If suspected,
use of computerized compensation, an alternate wavelength, or comparison
with an alternate method is reconmended (see 3.2.3).

3.2.3 Comparison with alternate method of analysis: When inves-
- tigating a new sample matrix, comparison tests may be performed with

other analytical techniques such as atomic absorption spectromtry or
other approved methodology.

3.2.4 uavelength scanning of analyte line region: If the appro-
priate equipment is available, wavelength scanning can be performed to
detect potential spectral interferences.

4.0 ADOaratus and Materials

4.1 Inductively coupled plasma-atomic emission spectrometer

4.1.1 Cor.puter-cantralled atomic emission spectroneter wi•th
background correction.

4.1.2 Radiofrequency generator.

4.1.3 Argon gas supply, welding grade or better.

Ref. 10.7
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4.2 Operating conditions: Because of the differences between various
makes and models ef satisfactory instruments, no detailed operating instruc-
tions can be provided. Instead, the analyst should follow the instructions
provided by the manufacturer of the particular instrument. Sensitivity,
instrumental detection limit, precision, linear dynamic range, and inter-
ference effects must be investigated and established for each individual
analyte line an that particular instrument. It is the responsibility of the
analyst (1) to verify that the instrument configuration and operating conditians
used satisfy the analytical requirements and (2) to maintain quality control
data confirming instrument performance and analytical results.

5.0 Reagents

5.1 Acids used In the preparation of standards and for sample processing
must be ultra-high purity grade or equivalent. Redistilled acids are accept-
able.

c, 5.1.1 Acetic acid, conc.

5.1.2 Hydrochloric acid, conc.

5.1.3 Hydrochloric acid (1:1): Add 500 ml conc. HCl to 400 ml
Type II water and dilute to 1 liter.

5.1.4 Nitric acid, conc.

., 5.1.5 Nitric acid (1:1): Add 500 ml conc. HN03 to 400 ml Type
II water and dilute to I liter.

5.2 Type II water: Prepare by passing distilled water through a mixed
bed of cation and anion exchange resins. Use Type II water for the prepara-
tiontian of all reagents, calibration standards, and as dilution water. The
purity of this water must be equivalent to or better than ASTM Type II
reagent water of Specification D1143.

5.3 Standard stock solutions may be purchased or prepared from ultra-
high purity grade chemicals or metals. All salts must be dried for 1 hr at
105' C unless otherwise specified. (CAUTION: Many metal salts are extremely
toxic and may be fatal if swallowed. Wash hands thoroughly after handling.)
Typica,l stock solution preparation procedures follow.

5.3.1 Aluminum solution, stock, i m1z100 µg Al: Oissolve 0.100 g
of aluminum metal in an acid mixture of 4 ml of (1:1) HC1 and 1 ml of
cdnd. HN03 in a beaker. Warm gently to dissolve. When solution is
complete, transfer quantitatively to a one liter flask and add an
additional 10 ml of ( 1:1) HCl and dilute to 1,000 ml with Type II
water.

Ref. 10.8



6010 / 9

5.3.2 Antimony solution, stock, I m1-100 ug Sb: Dissolve 0.2669 g

K(SbO)C4H406 in Type II water, add 10 ml (1:1) HCi and dilute to

1,000 ml with Type fI water.

5.3.3 Arsenic solution, stock, 1 m1•100 µg As: Dissolve 0.1320•g

of As203 in 100 ml of Type II water containing 0.4 g NaOH. Acidify

the solution with 2 ml conc. HN03 and diluts to 1,000 ml with Type It

water.

5.3.4 Barium solution, stock, 1 m1-100 µg Ba: Dissolve 0.1516 g
SaC12•(dried at 250' C for 2 hr) in 10 ml Type II water with

1 ml (1:1) HCl. Add 10.0 ml (1:1) MCI and dilute to 1,000 ml with

Type II water.

. , 5.3.5 Beryllium solution, stock, 1 ml µg Be: Ôo not dry .t .
Dissolve 1.966 g BeS04-4H2O in Type II water, add 10.0 mcTcnc:

HN03 and dilute to 1,000 ml with Type II water.

C) 5.3.6 Boron solution, stock, I µq B: D̂a_ not d ry. Dissolve
0.5716 g anhydrous H3803 in Type II water and dilutetoI,OOd mt.
Keep in a tightly stoppered bottle, and store in a desiccator to prevent

the entrance of atmospheric moisture.

5.3.7 Cadmium solution, stock, 1 m1-100 µg Cd: Dissolve 0.1142 g

CdO in a minimum amount of of (1:1) HN03. Heat to increase rate of dis-

solution. Add 10.0 ml conc. HN03 and dilute to 1.000 ml with Type II

water.

5.3.8 Calcium solution, stock, I m1•100 µg Ca: Suspend 0.Z498 g

CaC03 dried at 180' C for 1 hr before weighing in Type II water and

dissolve cautiously with a minimum amount of (1:1) HN03. Add 10.0 ml

conc. HN03 and dilute to 1,000 ml with Type II water.

ON
v 5.3.9 Chromium solution, stock, I ml=100 µg Cr: Dissolve 0.1923 g

Cr03 in Type II water. When solution is complete, acidify with 10 ml

conc. HN03 and dilute to 1,000 ml with Type 11 water.

5.3.10 Cobalt solution, stock, I µg Co: Dissolve 0.1000 g

of cobalt metal in a minimum amount of (1:1) HN03. Add 10.0 ml (1:1)
HC1 and dilute to 1,000 ml with Type Ii water.

5.3.11 Copper solution, stock, 1 ml a 100 µg Cu: Dissolve 0.1252 g

Cu0 in a minimum amount of (1+1) HN03. Add 10.0 ml conc. HN03 and dilute
to.1,000 ml with deionized, distilled water.

5.3.12 Iron solution, stock, I ml-100 µ,g Fe: Dissolve 0.1430 g
FeZOg in a warm mixture of 20 ml (1:1) HC1 and 2 ml of conc. HN03.

Cool, add an additional 5.0 ml of conc. HNOg and dilute to 1,000 ml

with Type II water.

Ref. 10.9
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5.3.13 Lead solution, stock. 1 µg Pb: Dissolve 0.1599 g

Pb(N03)2 in a minimum amount of (1:1) HN03. Add 10.0 ml (1:1) HN03

and ditute to 1,000 ml with Type II water.

5.3.14 Magnesium sotution, stoclc, I mi•100 µg Mg: Dissolve

0.1658 q MgO in a minimum amount of (1:1) HN0g . Add 10.0 mi (1:1).

conc. HN03 and dilute to 1,000 mi with Type II water.

5.3.15 Manganese solution, stock, 1 µg Mn: Dissolve

0.1000 g of manganese metal in the acid mixture ( 10 ml conc. HC1 and

1 ml conc. HN03) and dilute to 1,000 ml with Type II water.

5.3.16 Molybdenum solution, stock, I ml-100 µg Mo: Dissolve

0.2043 g ( NH4)2MO04 in Type II water and dilute to 1,000 ml with

Type II water.

^.
5.3.17 Nickel solution, stdck, I ml-100 µg Ni: Dissolve 0.1000 g

C° of nickel metal in 10.0 mi hot conc. HN03, cool, and dilute to 1,000 ml
with Type II water.

5.3.18 Potassium solution, stock, 1 ml-100 {tg K: Dissolve

0.1907 g KC1, dried at 110' C, in Type II water and dilute to 1,000 ml.

f+w
5.3.19 Selenium solution, stock, 1 ml-100 µg Se: Da not dry .

c. Dissolve 0.1727 g H2Se03 in Type II water and dilute to 1 , 0 00 m.

-- 5.3.20 Silica solution, stock, 1 ml•100 µg Si02: Do not d

Dissolve 0.4730 g Na25i03•9H29 in Type II water. Add 10. m cOnc.
HN03 and dilute to 1,000 mi with Type II water.

5.3.21 Silver solution, stock, 1 mi•100 µg Ag: Dissolve 0.1575 g

qr AgNO'3 in Type II water and 10 ml conc. HNO3. Dilute to 1,000 ml

with Type II water.

5.3.22 Sodium solution, stock, I ml-100 µg Na: Dissolve 0.2542 g

NaCl in Type II water. Add 10.0 mi conc. HN03 and dilute to 1,000 m1

with Type II water.

5.3.23 Thallium solution, stock, 1 ml-100 µg Ti: Dissolve 0.1303

g T1N03 in Type II water. Add 10.0 ml conc. HN03 and dilute to
1,000 ml with Type.Il water.

5.3.24 Vanadium solution, stock, I ml-100 µg V: Dissolve 0.2297 ,g

NH4VO3 in a minimum amount of conc. HN03. Heat to increase rate of dis-

solution: Add 10.0 ml conc. HN03 and dilute to 1,000 mi with Type II
water.

5.3.25 Zinc solution, stock, 1 ml•100 µg Zn: Dissolve 0.1245 g
ZnO in a minimum amount of dilute HH03. Add 10.0 ml conc. HN03 and

dilute to 1,000 ml with Type II water.
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5.4 Mixed calibration stanaarfos^iateovolumes
Prepare

solutionsstandard solutions-by combininq pP P

in volumetric flasks (see 5.4.1 through 5.4.5). Add 2 mi of (1:1) HNO3 and

10 ml of (1:1) HC1 and dilute to 100 ml with Type II water (see Note 1 in

Section 5.4.5 and Note 6 in Section 7.3). Prior to preparing the mixed

standards, each stock solution should be analyzed separately to determine
possible spectral interference or the presence of impurities. Can should be
taken when preparing the mixed standards that the elements be compatible and
stable. Transfer the mixed standard solutions to a FEP fluorocarbon or
unused polyethylene bottle for storage. Fresh mixed standards should be
prepared a.s needed with the realization that cancentration can change on
aging. Calibration standards must be initially verified using a quality
control samale and monitored weekly for stability (see 5.6.3). Altheugh not
specifically required, some typical calibration standard combinations follow
when using those specific wavelengths listed in Table 1.

5.4.1 . Mixed standard solution I: Manganese, beryllium, cadmium,
lead, and zinc.

5.4.Z Mixed standard solution II: Barium, cnpper, iron, vanadium,

and cobalt.

5.4.3 Mixed standard solution III: Molybdenum, silica) arsenic,
and selenium.

!y. ^ .
5.4.4 Mixed standard solution IV: Calcium, sodium, potassium,

aluminum, c mium, and nickel.
,as

5.4.5 Mised.itandard solution V: Antimany, boron, magnesium,
Silver, and t hallium.

NUTE 1: If the addition of si lver to the recommended acid combina-
tion results in an initial precipitation, add 15 mi of Type II

0" water and warm the flask until the solution clears. Caol and
dilute to 100 ml with Type II water. For this acid combination,
the silver concentration shoul d be limited to 2 mg/1. Silver under
these conditions is stable in a tap water matrix for 30 days.
Higher concentrations of silver require additional HCT.

5.5 Two types of blanks are required for the analysis. The calibration
blank is used in establishing the analytical curve while the reagent blank is
,used to correct for possible contamination resulting from varying amounts of
the acids used in the sample processing. •

5.5.1 The.-calibration blank_.ts prepared by diluting 2 ml of (1:1)
HNO3 and 10 ml of 42:11 HC1 to 100 m1 with Type II water ( see note o
in section i.s). Prepare a sufficient quantity to be used to flush the
system•between standards and samples.
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5.5.2 The reaqent blank must contain all the reagents andin__th&

same voiumei as used in the processing of the sartotes. llie rtaSSpt
blank mast be c3rri,esl2l+LO9L0 the colrolete prpcedure and qontain the
same acid concesLS^ ia-tbe.finai solution as the sample solution
usea ror Anaiysii.

5.6 Standards: In addition to the calibration standards, an instrur*nt
check standard, an interference check sample. and a quality control sample
are also required for the analyses.

5.6.1 The instrument check standard is prepared by the analyst
by combining compatible elerznts at a concentration equivalent to the
midpoint nf their respective calibration curves (see

5.6.2 The interftfance_ chesk ts p.rerWtd hY. the analvst in the
following manner. 5etect a representative sample tnat Contains mi m mal

^s concentrations of the analytes of interest but known concentrations of
interfering elements that will provide an adequate test of the correc-
tion factors. Spike the sanpie with the elements of interest at the
approximate concentration of either 100 µg/liter or 5 times the estimated

^ detection limits given in Table 1. (For effluent samales of expected
t-^ high concentrations, spike at an appropriate level.) If the type of

samples analyzed are varied, a syntnetically prepared sample may be
^. used if the above criteria and intent are met. A limited supply of a

synthetic interference chec% sample will be available from the Quality
--- Assurance Branch of EMSL-Cincinnati.

5.6.3 The auality control sample should be prepared in the same
acid rtsa.ttix as the cattoration stana3tdS at a concentration near I mg/liter
and in accordance wi6 tne ihstructions provided by the supplier.

.

0%

6.0 Samole Collection, Handling, and Preservation

6.1 All samples must be collected using a sampling plan that addresses
the considerations discussed in Section One of this manual.

. 6.2 For the determination of trace elements, contamination and loss
are of prime concern. Oust in the laboratory environment, impurities in
reagents, and impurities on laboratory apparatus which the sampie contacts
are all sources of potential contamination. Samples containers can introduce
either.positive or negative errors in the measurement of trace elements by
a contributing contaminants through leaching or surface desorption and
b by depleting concentrations through adsorption. Thus the collection
and treatment of the sample prior to analysis requires particular attention.
Laboratory glassware including the sample bottle (whether polyethylene,
polypropylene, or FEP-fluorocarbon) should be thoroughly washed with detergent
and tap water; and rinsed with (1:1) nitric acid, tap water, (1:1) hydrochloric
acid, tap water, and finally Type II water, in that order ( see Notes 2 and 3).
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NOTE 2: Chromic acid may be useful to remove arganic deposits from
glassware; however, the analyst 9hould be cautioned that the glassware
must be thoroughly rinsed with water to remove the last traces of
chromtum. The use of chromic acid can cause a contamination probtem'for
the determination of chromium if the glassware is not rinsed properly.
A comnercial product, NOCHROFtIX, available from Godax Laboratories, 6
Varick Street, New York, NY'10013, may be used in piace of chromic acid.
Chromic acid should not be used with plastic bottles.

NOTE.3: If it can be documented through an active analytical quality
control program using spiked samples and reagent blanks that certain
steps in the cleaning procedure are not required for routine samples,.
those steps may be eliminated from the procedure.

6.3 Aqueous sampies must be preserved and pretreated appropriately
^ depending on whether data an dissolved, suspended, or total metals are

desired.
G^

6.4 Nonaqueaus sampies shall be refrigerated when possible, and analyzed
° as soon as possible.

r

7.0 Procedure

7.1 The follawing definitions are intended to clarify the ensuing
discussion.

7.1.1 Instrumental detection limit: The concentration equivalent
-^ to a signal, due to the analyte, which is equal to three times the

standard deviation of a series of twenty replicate measurements of a
reagent blank signal at the same wavelength.

^ 7.1.2 Sensitivity: The slope of the analytical curve, i.e.,
functional relationship between emission intensity and concentration.

7.1.3 Instrument check standard: A multielement standard of
known concentration prapared by the analyst to monitor and verify
instrument performance an a daily basis ( see 5.6.1).

7.1.4 Interference check sample: A solution containing both
interfering and analyte elements of known concentration that can
be used to verify background and interelement correction factors
(see 5.6.2).

7.1.5 Quality control sample: A solution obtained from an outside
source having known concentration values to be used to verify the cali-
bration standards ( see 5.5.3).
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7.1.6 Calibration standards: A series of known standard solutions
used by the inalyst for Wlibration of the instrument (i.e., preparation
of the the analytical curve; see 5.4).

7.1.7 Linear dynamic range: The concentration range aver which
the analytical curve remains linear.

7.1.8 Reagent blank: A volume of Type II water containing the
same acid matrix as the calibration standards carried through the entire
analytical scheme ( see 5.5.Z).

1.1.9 Calibration blank: A volume of Type II water acidified with
MN03 and MCI ( see 5.5.1).

7.1.10 Method of standard addition: The standard addition tech-
^' nique invoives the use of the unknown and unknown plus a known ar.eount of
^ - standard ( see 7.9.1).

7.2 Sample preparation: Aqueous samples should be prepared according
to Section 7.3. Sludge-type samples should be prepared according to Method
3050 and sar.Vles containing oils, greases, or waxes may be prepared
according to Methods 3030 and 3040. The applicability of a sample prepara-
tive technique to a new matrix type must be demonstrated by analyzing spiked
sample or relevant standard reference materials.

7.3 Preparation of aqueous samples: For the determination of total
elements, choose a measured volume of the well-mixed acid-p.reserved sample

-- appropriate for the'expected level of elements and transfer to a Griffin
beaker (see note 5 below). Add 3 ml conc. HNO3. Place the beaker on a

--M hot plate and evaporate to near dryness cautiously, making certain that the
sample does not boil and that no area of the bottom of the beaker is allowed
to go dry. Cool the beaker and add another 5-ml portion of conc. NN03.
Cover the beaker with a watch glass and retucn to the hot plate. Increase
the teaperature of the hot plate so that a gentle reflux action occurs.
Continue heating, adding acid as necessary, until the digestion is complete
(generally indicated when the digestate is light in color or does not change
in appearance with continued refluxing). Again, e_va_porate to near dryness
and_cool the beaker. Add 10 ml of (1:1) MC1 and 15 ml of Type II water
per 100 ml final solution'and warm the beaker gently for 15 min to dissolve
any precipitate or residue resulting from evaporation. Allow to cool, wash
down the beaker walls and watch glass with Type II water and filter the
sample to remove insoluble material that could clog the nebulizaf (see Note
below). Adjust the sample to a predetermined volume based on the expected
concentrations of elements present. The sample is now ready for analysis
(see Note 6 below). Concentrations so determined shall be reported as
'total."

NOTE 4: In place of filtering, after diluting and mixing, the sampie
may be centrifuged or allowed to settle by gravity overnight to remove
insoluble material.
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NOTE 5: If tow determinations of boron are critical, quartz or poty-
propylene glassware should be used. Polypropylene glassware is generally
preferred since it is cheaper and just as accurate as quartz.

NOTE 6: If the sanpte analysts solution has a different acid concen-
tration from that given in 7.3, but does not introduce a physical
interference or affect the analytical result, the same calibration
standards may be used.

7.4 Set up instrument with proper operating parameters established
in Section 4.2. The Instrument must be allowed to become thermaily stable
before beginning. This usually requires at least 30 min of operation prior
to calibration.

7.5 Initiate appropriate operating canfiguration of coeputer.

7.6 Profile and calibrate instrument according to instrument menufac-
C;;r turer's recommended procedures, using the typical mixed calibration standard

solutions described in Section•5.4. Flush the system with the calibration
°- blank (5.5.1) between each standard .(see Nota 7 below). (The use of the

average intensity of multipie exposures for both standardization and sampl•e
^ analysis has been found to reduce random error.)

NOTE 7: For boron concentrations greater than 500 µg/liter extended
c flush times of 1 to Z mirt may be required.

^ 7.7 Before beginning the sample run, reanalyze the highest mixed
calibration standard as if it were a sampie. CartcPntrati,art values ootained
should not deviate from the actual values by more than•.+SZ (or the established
control limits, whichever ts lower). If they do, follei the recommendations
fo the instrument manufacturer to correct for this condition.

^ 7.8 Begin the sample run by flushing the system with the calibration
blank solution (5.5.1) between each sample (see Note 7). Analyze the
instrument check standard (5.6.1) and the calibration blank (5.5.1) after
each 10 sanpies.

7.9 If it has been found that methods of standard addition are required,
the following procedure is recomaended.

7.9.1 The standard addition technique involves preparin4 new
standards in the sample matrix by adding known amounts of standard to
one or more aliquots of the processed sample solution. This technique
cbmpensates for a sample constituent that enhances or depresses the
analyte signal, thus producing a different slape from that of the cali-
bration standards. It will not correct for additive interference which
causes a baseline shift. The simplest version of this technique is the
single-addition method. The procedure Is as follows. Two identical
aliquots of the sample solution, each of volume Vx, are taken. To the
first (labeled A) is added a small volume Vs of a standard analyte
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solution of concentration cs. To the second (labeled 3) is added the

same volume vs of the solvent. The analytical signals of A and B are

measured and corrected for nonanalyte signals. The unknown sample

concentration cX is calculated:

SgVs4
cx s (SA - 56) Yx

where SA and Sg are the analytical signals (corrected for the blank)
of solutions A and S. respeetively. Ys and cs should be chosen so that
5A is roughly twice Sg on the averaqe. It is best if Ys is msde much
less than Yx, and thus cs is much greater than cX, to avoid excess
dilution of the sample matrix. If a separation or concentration step is
used, the additions are best made first and carried through the entire
procedure. For the results from this technique to be valid, the follow-

c ing limitations must be taken into consideration.

N. 1. The analytical response signals must be linear with respect to
C_ concentration.

2. The chemical form of the analyte added must respond the same as the
analyta in the sample.

3. The interference effect m st be constant over the working range of
concern.

c' 4. The signal must be correcter_ for any additive interference.

7.10 Calculations: Reagent blanks (5.5.2) should be subtracted from all
samples. This is particularly important for digested samples requiring large

quantities of acids to complete the digestion. If dilutions were performed,
the appropriate factor must be applied to sample values. All results should

a be reported in mg/liter with up to three significant figures.

8.0 Ouality Control

8.1 All quality control data should be maintained and available for
easy reference or inspection.

8.2 Dilute samples if they are more concentrated that the highest
standard or if they fall an the piateau•of a calibration curve.

8:3 Employ a minimum of one procellural blank per sample batch to
determine if contamination or any memory effects are occurring.

8.4 Run one duplicate sar.ple for every 10 sampies. A duplicate sample
is a sample brought through the whole sample preparation process.
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8.5 Check the instrument standardization by analyzing appropriate

quality control check standards as follows:

8.5.1 Analyze an appropriate instrument check standard (5.6.1) -

containing the elemants of interest at a frequency of 105. This check

standarl..i! used to determine instrument drift. If agreement is not

wtth+nc^6^ of the expected values or within the established control limits,

whicnevef is lower, the analysis is out of control. The analysis should

be tenainated, the problem corrected, and the instrument recalibrated.

8.5.2 Analyze the calibration blank (5.5.1) at a frequency of 1o:.

The result should be within the established control limits of 2 standard

devtations of the mean value. if not, repeat the analysis two more times

C and average the three results. If the average is not within the control

limit, terminate the analysis, correct the problem, and recalibrate the
instrument.

^ 8.5.3 To verify interelement and background correction factors,

analyze the interference check sample ( 5.6.2) at the beginning, end, and

at periodic intervals throughout the sample run. Results should fall

within the established control limits of 1.5 times the standard devia-
tion of the mean value. If not, terminate the analysis, correct the

t;. problem, and recalibrate the.instrument.

c,, 8.5.4 A quality control sample ( 5.6.3) obtained from an outside

source nust first be used for the initial verification of the calibra-

-F tion standards. A fresh dilution of this sample shall•be analyzed every

week thereafter to monitor their stability. If the results are not

within +5S of the true value listed for the control sample, prepare a

new calibration standard and recalibrate the instrument. If this does

not correct the problen, prepare a new stock standard and a new calibra-

tion standard and repeat the calibration.

8.6 Spiked samples or standard reference materials shall be employed

periodically to ensure that correct procedures are being followed and that

all equipment is operating properly.

8.7 The method of standard additions shall be used for the analysis
of all EP extracts and whenever a sample suffers from matrix interferences.

8.8 The method detection limit (MOL) is defined as the minirtum

concentration of a substance that can be measured and reported with 99%
confidence that the value is above zero. The M0L concentrations listed in
Table 1,were•obtained using reagent water. Similar results were achieved

using representative wastewaters. The MOL actually achieved in a given

analysis will vary depending on instrument sensitivity and matrix effects.

8.9 In an EPA round-robin phase 1 study, seven laboratories applied

the ICP technique to acid-distilled water matrices that had been dosed with

various metal concentrates. Table 4 lists the true value, the mean reported

value and the mean S relative standard deviation.

Ref. 10.17
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Hanford Stream data base printout showing Priest Rapids Dam data
as background data
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1Z-AUG-87 Page I
ENVIRONMENTAL SAMPLE ANALYSIS RESULT REPORT

------------- ------ -------- ------ ------
21 DEC 82 to 15 MAR B.:

WATER RIVER WATER CUMULATIVE UNFILTERED

Samp #: 1255 PRIEST RAPIDS-RIVER

121/SR 90 _
----------- ^ G S a^ ,•^e

V
j
F

Result +/- 2 Sigma
Date Off Date On (PCI/L Comments
---- --- ---- -- -------- --------
:1 DEC 82 23 NOV 82 3.37E-01 +/- 1.83E-oi)
18 JAN 8Z 21 DEC 82 1.89E-01
15 FEB 83 18 JAN 8-- ___T_ -7TZ +/- 3.18E-02
15 MAR 8:3 15 FEB Sa 2.57E-01 +/- 4.11E-p2

Fraction of Results;DL: 4/ 4 Mean: ?.44E-01
Minimum: 1.89E-01 ( 18 JAN 83) Standard Error of Mean: S.64E-02
Maximum: ..:7E-o1 ( 21 DEC 82) Standard Deviation: 1.77E-01
Median: 1.91E-o1

Ref. 11.1
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Investigation of Ground-Water Seepage from Hanford Shoreline

of the Columbia River , PNL-5289, November 1984
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TABLE B.1 . Strontium-90 Analyses from Columbia River Samples

River Mile •Sample Date Concentration,
Location ID Collected oCi/a _2a

3.0-5.0 B Camp RW(a) 01/22/83 0.55 ^ 0.23 DG
5.5-7.5 K Comp RW 12/18/82 0.18 = 0.02 ^^ T^°S

8.0-9.5 N Camp RW 12/18/82 Z8 - 0.471/ s,.-PIr C-,'

10.0-12.0 D Comp RW 12/18/82 1.1 t 0.05 176

14.0-17.5 H Camp RW 01/22/83 0.50 t 0.14

18.0-22.0 F Camp RW 01/22/83 0.93 t 0.15 bece

Upstream Columbia mT

River Concentration
(Average 1983) 0.18 t 0.22

DOE Concentration ^ ^d o,k-
Guide ( USDOE 1981) 300 /P

., r,

C"'

(a) Comp-R1•J denotes composite river water sample comprised of
aliquots from immediately preceding river sample locations.

/1'^CcS71f ^

C,
TABLE 8.2 . Iodine-129 Analyses from Spring and Columbia River Samples

C^ .
River Mile Sample

.
Date Concentration,

^w Location ID Collected PCi/z _2Q

27.0 27.0 RW(a) 01/22/83 3.3x10-6 = 1.4x10-6

- 27.0 27-1 5p(b) 09/11/83 1.6x10-4 s 2.1x10-

28.0 28-2 Sp 09/11/83 6.2x10-2 - 6.8x10-3

29.0 29.0 RW 01/22/83 6.3x10-5 ^ 5.0x10-6

31.75 31-5 Sp 09/11/83 3.0x10-5 : 4.0x10-6

32.5 32-0 Sp 09/11/83 4.4x10-5 = 2.7x10-5

Upstream Columbia
River Concentration
(1983 Average) 2.4x10-5 - 2.6x10-5

DOE Concentration
Guide (USDOE 1981) 60

( a RW denotes composite river water sample.
( b3 Sp denotes river bank spring sample.

Cn PNL - Sz Pt ^
8.3

s
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Hanford Reservation Area Worker Census , BNWL-2298, July 1977
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TABLE I . Concentration of Hanford Reservation Workers
by Site

Number of Percent
Site Workers of Total

100 760 5

200 E&W 2,355 16

WPPSS #1,2,&4 2,905 20

FFTF 2,420 16

300 3,110 21

Battelle, et al. 3,345 22

TOTAL 14,895 1Q0

CYi While the worker count s being reported by Reservation employers are usually

C^ shown concentrated around a designated site, in reality a substantial portion

C:> of these workers are likely to be distributed o ver the surrounding area. For

^

convenience, however, they are credited to such particular sites as 200 East,

200 West, WPPSS 1, 2, & 4, etc.
r`

Identification of shift workers posed some reporting difficulties since

some firms run four shifts while most of the others conduct their operations

in three. The 100 Area was a special problem s ince these workers operate over

a wide area. Regardless, a ll workers have been accounted for in this census

although some of the shift counts may be approx imate.

11 DISTRIBUTION OF WORKERS BY RADII ANO COMPASS DIRECTION

Figure 2 maps the distribution of Hanford Reservation workers by work shift

over intervals of one-mile radii and 16 compass directions centered at the Purex

Plant. These same worker distributions are repeated in Figure 3 without the

maped Reservation Area as a background. As a tabulating convenience, sector

parcel counts have been rounded to units of 5 and 10, but were adjusted to the

total count for the separate companies. (Because of confidentiality, worker

counts for the separate companies are not being presented here.) For better

readability, sector counts within the first two mile radii from the Purex Plant

center are presented separately at the bottom of the figure. Table 2 presents

work distribution in detail including a cumulative count of workers and percent

of total as distance and direction from the Purex Plant center increases.

3

^ Ref. 13.2
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Endangered and Threatened Wildlife and Plants, 50 CFR,

Part 17, Subpart B, October 86



§ 17.11 50 CFR Ch. 1(10-1-86 Edifion) I U.S. Fish a

Issued under Part 21 of this chapter,
and

(2) Identified In the earliest applica-
ble annual report required to be filed
by a permittee under Part 21 of this
chapter as in a permittee's possession
on November 10, 1978, or as the proge-
ny of such a raptor.

(b) This section does not apply to
any raptor intentionally returned to
the wild.

148 FR 31607, Ju)y 8.1983]

Subpart B-Lisis
I l'

8ooacr 48 FR 34182. Jnly 27. I983. un)ess
otherwise noted.

917.11 Endangered and threatened wild-
life.

(a) The list In this section contains
the names of an species of wildlife
which have been determined by the
Services to be Endangered or Threat-
ened. It also contains the names of
species of wildlife treated as Endan-
gered or Threatened because they are
sufficiently similar in appearance to
Endangered or Threatened species
(see 117.50 ef seq.).

(b) The columns entitled "Common
Name." "Scientific Name," and "Verte-
brate Population Where Endangered
or Threatened" define the species of
wildlife within the meaning of the Act.
Thus, differently classified geographic
populations of the same vertebrate
subspecies or species shall be ldenti-
fied by their differing geographic
boundaries, even though the other two
columns are identical. The term
"Entire" means that all populations
throughout the present ntnge of a ver-
tebrate species are listed. Although
common names are lncluded, they
cannot be relied upon for ldentifica-
tion of any specimen, since they may
vary greatly in local usage. The Serv-
ices shall use the most recently accept-
ed scientific name. In cases in which
confusion might arise, a synonym(s)
will be provided in parentheses. The
Services shall rely to the extent practi-
cable on the International Code o/Zo-
ologica! Nomenciaturt

(c) In the "Status" column the fol-
lowing symbols are used: "E" for En-
dangered, "T" for Threatened, and "E

lor Ti (S/A)" for similarity of appear-
ance species.

(d) The other data in the list are
nonregulatory in nature and are pro-
vided for the Information of the
reader. In the annual revision and
compilation of this title, the following
information may be amended without
public notice: the spelling of species'
names, historical range, footnotes, ref-
erences to certain other applicable
portions of this title. synonyms, and
more current names. In any of these
revised entries, neither the species, as
defined in paragraph (b) of this sec-
tion. nor its status may be changed
without following the prooedures of
Part 424 of this title.

(e) The "historic range" Indicates
the known general distribution of the
species or subspecies as reported in the
current scientific literature. The
present distribution may be greatly re•
duced from this historic range. This
column does not imply any limitation
on the application of the prohibitions
In the Act or implementing rules. Such
prohibitions apply to all individuals of
the species, wherever found.

(f)(1) A footnote to the Fm:x.w Rzo-
ssrat publication(s) listing or reclassi-
fying a species is indicated under the
column "When listed." Footnote num-
bers to §¢ 17.11 and 17.12 are in the
same numerical sequence. since plants
aad z^i**+a)< may be listed in the same
Fmesnt. Rscisxlat document. That
document, at least since 1973. includes
a statement indicating the basis for
the listing. as well as the effective
date(s) of said listing-

(2) The "Special rules" and "Critical
habitat" columns provide a cross refer-
ence to other sections in Parts 17. 222.
226, or 227. The "Special rules"
column will also be used to cite the
special rules that describe experimen-
tal populations and determine If they
are essential or nonessential. Separate
listing will be made for experimental
populations, and the status column
will include the following symbols:
"XE" for an essential experimental
population and "XN" for a nonessen-
tial experimental population. The
term "NA" (not applicable) appearing
in either of these two columns indi-
cates that there are no special rules
and/or critical habitat for that par-

ticular spe
propriate
through
that specie:
other rules
such wildl
auirements.
references
column list
two Service
species or t
Federal age
ernments,

(g) The It
includes all
example, tl
bons) Is listt
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ticular species. However. all other ap-
propriate ruies in Parts 17. 217
through 227. and 402 still apply to
that species. In addition, there may be
other rules in this title that relate to
such wildlife. e.g.. porUof-entry re-
quirements. It Is not intended that the
references in the "Speciai rules"
column list all the regulations of the
two Services which might apply to the
species or to the regulations of other
Federal agencies or State or local gov-
ernments.

(g) The listing of a particular taxon
inciudes all lower taxonomic units. For
exampie. the genus Hylobates (gib-
bons) Is iisted as Endangered through-

out Its entire range (China, India, an,(
SE Asia); consequently. all specie^
subspecies, and populations of tha4
genus are considered listed as Endan
gered for the purposes of the Act. lu
1978 (43 FR 6230-6233) the species Ha
Ziaeetvs Zeucocephalua (bald eagle) wa.
iisted as Threatened In "USA (WA.
OR. MX. WI. MD" rather than Ita
entire popuiation: thus, all individuala
of the bald eagle found In those five
States are considered listed as Threat•
ened for the purposes of the Act.
(h) The "List of Endangered ana

Threatened Wildlife" is provided
below:

1 l^ ) '
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Species
hC a N S W llkC

1
Canuan rxms SclanYlk rums

Itiatarkrwpa on w wsPWu
sndwpwad u

4•
lua

hen
Ywad

r tl
habitat ^

Oxatlrrwd

Dwr. muh ........ .......... ................ ......_.... AWacAVa app. (aN spwJaa)....... _.......... _..... Can4s1 wq East A>rs................................... AlplwiaWh E 16 NA NA
Bhrtan. Bumu,

^ CNnA (TWa4
Ywman). Indlti
Napal.PSklalan,
SWFNn.

Dow. North CNna 4Ma..._ .......................... Cwwa n'ppo9 maMw'rx.n_.......... .............. China (Shantunp and CNnq ProWkas)..... EnINS.._........ E 50 NA NA

Dow. panWaa .................. _............. _............. . Orotoroma betcAxus................................ . &uM. NYenWU. Urupuay, BWIVN, Pws. ...... tlo..._..._._..... ..... . E 15 NA NA
puay.

Dner,Pwalmfhlbvr..._ ................... _..._....... . DwnsOenumesopotwnica..... __.............. . Ne9.Nm.................. ........ _......................... ._.OO....._._^...._.._ E 3 NA NA
Daw.Ptv+GPI ne........ _....... _.... _........... _........ A.W(-Carvvs)Pomw+ufimiarwnria.... . PMIiFWnaslCdfrNenlaluqel.._....... _..... . ...... do....._.._.......___ E is NA NA
Daar. NWAW .JS ............ ...... _..... ........_..... Convs nj'i^ lenrrue............................. .... Japan INyuhlv Ielands)..... ................. .......... . ......do_...^...__......... E 50 NA NA
Dser.SnanJaqu........... _ ...................... __.... CwvoanNWnWSSwnua............................ . Crwu(SnanalProrInca).............. _........... _... ..... AO_.._..................... E 50 NA NA
Daw,SOUIhCAlnaal4._._....... _ ................... Cwwanppwi AMSrJY.................... _._........ SauihwnCNna........ ............... _...... _............ . .... _Ca.._._.......... _.... E S0 NA NA

Dow. awamp (^barsyrpM)......... ..... _....... Canva oLVaix'aY._..._............. _........ .......... InC4. Nepal._ ............ ...._............ _.......... ::^... ......do.........__...._.... E 3 NA NA
D®x.YUhand..._._ .................... _.................. . CarwaaMplwayarAandensia..... _............... . Ch4x(SVdlarq)............................ _....... _...... _....do............ ........ _ E 50 NA NA
DIwIal•AnalkwiWdoy)....... _................... qrns{anua......_.............. _..._...................... USSB., Kern. Chhu. Nds. SowMUI __..do........... __...... E 3 NA NA

AYe.
PbNw......_....... ...._......... _ ........................... Mtac/penACk'+Sa._.... _.... _............. _....__. AueGalle........ _....... ......................................... . ...... lo........ __....._..... E 4 NA NA

Dog. ANkan MW.............................. _............ . Clr+anpctua....... ......._._._...... _.............. _... Sub^SahwAn Ablu.._...................... _......... ......do..._............ _._... E 139 NA NA
DrW....._ ..................... _..._._...... _................... _ PipioAucnplreua_.......... __.......... _....._.. EWaloalalW®alArrka........... _...................... ...... U.......... ........._.. E 1B NA NA
Duporp.._....._...... _.................._ ..................... ApwNdyon.......... _._........... _.............. _.... Enl Altlca to suwhwn Japsn. Inchdlnp ......do................. ._..... E 4 NA NA

U.SA (Dual TattlloA®s).
GJhw. hnllnh'a ............................................. GeWuu.t"IWbnenU......._._............ __.......... Slen Loona. Llberla, Ivory Coul...._......... . ...... da.........»........._... E 50 NA NA
Eland. Waalern 94nt..._ ....................... __...... T^uoosywa Oedwme d+rDianw......_._...... Senapel to Nory Coaat........................... _..... ..... do..._._........... ..... E 50 NA NA
ElaPnanhANkcn......_ ................................... lGaoMnl, .hicaN.._....... .._....... ..... ........... . Alricf---- ..................................... ........... .._..do.._..... ................. T 40 NA 17.40(a)
Elepnanh Atlan ............. _................................ F/eyhu nuvinrua-.....__....._.._._...._............ SqM^can6rd and Soulneul Aala................ .._..do...._._............ _... E IS NA . NA
F®nel,blachdnWUd ........................................ Musta4oyrpns._......... _.......... _............. _.. WurlernU.SA..WeelarnCsnads........... ..... .....AU............. _..... __ E 1.3 NA NA
Fo.. Northwn swill......... _ .............................. VFies nbr IwMS.... ..... _._....................... . US.A (nonlwm Plalna). Csnmds................ _ '4n Wa._........._........ E 3 NA NA
Fo.,San.loaqulnlul........... _._ ..................... Ve:pasnraona nwpcA._......... ....... _..___... USA (CA)........................ _............................ EnlNS...._._............. . E I NA NA
Foc SuNen ...... ................ _.......... ................. . Gni (SU,rrr) Mrwnab.... .._.._..._........_... ENbpa................... _....... _.._........... _......... . ...... CO............._....... .. E 50 NA NA
GuaNa. Garhh (-pbsYY)._....... .........._.. AnxnocWpa c4rAa[ .............. _......_._........_. SwMYa, EOdopFa............... _.... _................... . ._..do._..... ...... _. . ... E 3 NA NA
GusIM. QNah...... _.._ ........... ............._....... Gueus Crrietl...... _............ _...._.................. ... Mmacn. Algiorls. Tuni4s.... ..... ................ . ......Co...._.._........_.... E 3 NA NA
GuaYa. MMn................. .....................__..... Guedo VA'"' nYprr....._.... .....__.r.............. Mwocco............... _............ _............... ........... . ...... dc........._............ . E 3 NA NA
Gualb. Maocun (•DOraal._..._....._....... Guet4 cqUa nusr.aayy_ ......................... Norocco. AIpeM. iur4U............. _.... ..._..._. .....AO........_.....__....... E 3 NA NA
GuaAS, Nu da Oru Dwns ............................ Gared' Gwme bsuid............._....._._............ Waneni SaMrA........................................... _. ..... dn.............. _..... _... E 3 NA NA
Guana.NW4n .............................................. Guad, parrt`............ _.......... __......_.._....... NsNanPainsuls.PSMatine.SNr1..... ....... . ..... W._.............. ...... _. E S0 NA NA
GusF1. aW...................... _......................... Garaa. sawtNaox, .. rk2a.._.................... . Jwdan. MaMan Panmaula...................... _..... ......dn._......_..._........ E 50 NA NA
GuaNS. Sauti.4adan ................................. GuatN d.vcas aactlY* .... _....... _................ ... IMad. Np, JotGwt SYr4. Msblan Padn• ....,do............. _......_... E 60 NA NA

Wa.
GueIls,PsNalris..._ .......... .................. _..... ... Guedtdarmapo4WV__..._. ......_.......... SurrW4........ _._....... _....................... _........ _ __.do..__._.._.._..... E 60 NA NA
GuaIN. UwiOw-EOmad (-Ntdin).......... _.... Wmd' Amewroroa.............._.__......_......... Suam. Epypt Aysna LEri..._........ .......... . ...... do..._....... _...... . E 3 NA NA
Giman................ ....... .. ............ /AkWrea wo.lurY6na Hcnuscual..._.... GNna. Ndle. So.rttuaal Aw.................... __. .... ..do..._...... _............. E 3.15 NA NA

4`Df
V

8

n
T
30

n

.v
..s

Q

I

Out. w1k (-ClYNwI mwhNU)............_.'_. Gpa apprvs LhAroMrl drWananqil. Sauurnnlwn AUa........ .. .._..., C......_......... CNIKan R+rM of E ` 16 NA NA
vnw-cauvd I 1 In

GaJ. . . m.,.wn.`.......^ ^.. PaFltl.n I 1 I 1
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Spmuea vedeaale
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Corterr.on nama Scqentllk nama
Nirlurk rerpa wn wheraPcWIm1

andanpued or
SM.
No

When
Yatad

GIUW
Iwo0a1

SpoclJ
rulea

Wewenad

Lmmu1...:_........ _.........._........... _ ............. _... Lemuddn (YrA. Ctweopaleidaa. Lepl. MJa9eay flepWAC (=Madapercmr)............. ...... do...... _.... _..._...... E 3.15 NA NA
mwWae); an memhera of Owera
Lertwr, PMnw. Nqaalemu, Leplemi.v.
McrOCeSVA A/btyLva. (^s/opmkua.

Vi ecim.
Leopard ............... ............ ...._._........... _...... PmmenNrtlw.._..__.._........_........_...._._ AHka. MN.._...................... _...._.......... _..... . Whwever found, E 3. 6, 111 NA NA

except rrOwe It
Nwledu
TleeJenad as
ael lorth balow.

Oo..._ ..................._.............__......__..... __-.00..... _....... ........_................. _...__......_..... ....do._...._...........__....._................................ M AHka. M the T 3.5,114 NA 17A0I1)
wlq. aouM ol,
and Mdudnp,
the folbMnp
Counmea:
Gabon. Congo.
Zcke, Upanda,
Nenya.

Lwpuo. doudeo ..... .............. ....._....,... A'eoln4i neoubn................. _.... _.............. _. SouOweat and aauMCenlrJ Ar4. Telwan En&m................ ......... E 3. 16 NA NA
Lmopud. erow........._.._ ............. _................. Pm/Mq ux/e.._................_..... _...... _.......... Cerdrel AJa...._.._...._..........._...................... . ......do.........._...._.._ E S NA NA
NnaanV, mpotleC............ ..._....... _ ................ 7hw^ceonL.eN+cukv............ _....................... . Napal. Aaaam, VNemam, CamboNa, Laoa. . E IS NA NA

Bwma.
Llon.AJatk..... _...... ....._............ __ .............. PmlherafeuPwa'r+._.............. _.... _.......... . 7urkoytoInNa.................... ......... _.......... _.... . ...... oo............ ............. . E 3 NA NA
Larla.laaewJOw__..._......... _ ..................... AycoceowPrymaew...................... ._....... . MdocNna........._....._........................_............. ...... do........ _............... . T t6 NA 17.10(c)
Lyne,Spanlah._ ........................ ................ _.... Feba(.LYna)PUCna -.......... _.................... . SpaM.Par5pal......... _._.......... .._...._.... _..... . ...... do......... _............... E 3 NA NA
MaceWm.Formoaanrock.._ ........................ MluuryrAw..................._.... _............ _... TJwan................ _._...:....... _..... __............. _. ._..do......................... . T 16 NA 17.40(4
MacaGOe.Japaneaa ............._.............._...... Micacs 7usuh.._....._..........._._.._......„..... Japan (SNkoku. Kyutlw and Nonalu Ia- ...... do..................... _... T t6 NA 17.10(c)

lauwa).
Macaqua.lon-laNed......... _ ........ .....^............. Mauq adenn..... __........... _..... _.......... _... InGla............_.................. _....................... . ..do............_ .. . .... ..... _ E 3 NA NA
MacaWa. aNn'P-IaINd ............. _............ _..... Alauq artYwVaa....................... _................. . InC4 (Assam) to auMem CNna................. . .. ... do...... _............. _... T 16 NA 17A0(C)
Maea9um. TWa..._._.. ....... __..... ......_... Mapee ynio . ................ _........ ......_.............. Sd LanAa (-Ceylon)..._.... ...................... _.... . ...... do.._........... _........ T 16 NA 17 4((e)
Mauulea. AmuaNan__ .................................. Tn[hec/wa lwrpub.........................._........... . SouN Amaika (Amwon Rner l)a>1n) ........ . ......dl..................... .... E 3 HA NA
Manalam. Well AHkan.._........... ............... Tikhad+us aeinqa/m.va......._.......... ...... .. Wul Co..! of Nrka ham Sane94 Rhw .._.oo......... ....... ......... T 62 NA NA

to Cuann flher.
MaNIH. Well MdHn (Fkrlda) ........ _........... Tl/CIm-N/1 /MMNa........... _..... .. ............... . .U.SUA. (aqlllleaalwn), CuOban Sma. ..._.oo............... _........ E 1, 3 11.151V NA

South Amwka.
MandMl..... ..._.......... _..__..... _ ............. _..._. PVabWronr............ ........................ _............. E9uaiorlal West Ahka..................... __....... .... ..... AO............. ,.......... E 16 NA NA
Manqaby. Tana Phu....... ..... ..... .......... . CasxeOua YJmiNa................. _...._...__... Kenya.._.._......... _.................... _............... ........ ......do....._.... .....

.......
E 3 NA NA

ManpmEmy. wHqacdluad.....„...._...._....__ Grnxvous AWwNa..........._,...._ ............ .

.

Senegal to GMna: Nlper4 to GaSUn...__... ......oo........... ...... _..... . E 16 NA NA
Marpay ............. _..... _..._............ __...._...._,.. FaW wad..................... _........ ...... ..._.......... . US.A. (T)q. C. and S. Amuka.............._... Me.ku aoulHwud.... E 6 NA NA
MuAMr. KaEJ....._..._.............. _._..... _..... . Gp4 fikunMmaparoma.._ ....................... AlphaNeWl, PaAlalan........ ...... ........... _.._...... EnWm......... _.............. . E 10 NA NA
MarJw.a4tlonWwrned..._....._................. . C4Aa^v/efronM.M'dcn' ............... _......... ....... ..... Ao........................ ..._.................................. .... (1o..............

_.........
E IS NA NA

MarmomeL buff MadeE.........___........ ...... .. GGUek bavkwa---- _......... _._..... _.... .......... fkaeA....... _ ............................. _....... __....... ..... ......do...__.._....._._.... E 139 NA NA

aq

in
0

T

n

P
rtr
a

a

MunwrmLSrftuineo+r ............... ......... GnNUMcrMxaui4......._.._.... _.._......... ....do.................._..... .... .. W

'
............ .._.._....... ...... ...._.

. ... ......._......._..._.
CamEaflkatoCabmda..........................._..

....... _...._..._......

.. _..do...._. ...
.._

I
E
E

233
16 V

NA NA
NAMumou4Gwld a..._........._..._....._. ......... Gbhu.royom.W_ .............._._..-.. ._....._.... BrmaN.COlarole.ECUedoqPUU.SCIMe...

^

. ..._..._
... ao.._....... ...... .
^ ^

....
.... E

1
3

HA
NAI NAMumol.Vancouverlmluq........._ ........ .......... Mamrobvarcqrvmrona9........._...... . ......_... CaneM(Vanroweritland) . ......... .. . ... .... . .. .. .oo. . ....

I
nouruqa6 eatlun 1.0boa .................... .......... AnbcAhomya 4npro .._._....... .... .

^
auuuu.

. ........_.._. ..
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Speclaa V«ulxau
PoPulaWn when Su• Wnan GIIkM SPadal

Matork ranpa uManpereE w tua Salatl haWtal n+ua^r^n^ ^ntl^
Or®uarwJ

Olln, 9tanl........_ ...............,._.._..........._.... Plwumaa Msi6ens/a..._......... _.... ...... ...... . Soulh Amenc......... ......... ............ ......_..._ ...... GV..... _..._.......... . E 3 NA
NA

NA
NA

Olle.lqp'ukM._..._ ..............._^....__....,.... Luuabnµcaw4lv4L P'elansla)...._.._...._ .._..do...._................._.......__.._........._..._..... ._...do.........................
6

E
E'

3.15
16 NA NA

OBar, muMa..........._...._..........._ ................. Lu" Ie4na............ ............ ..... ........... _.._..... Paru uMh to $Valla ol Map®pan....... ..._. 0..................._.........
E 15 NA HA

Gner. Wnham rNU ...... ......................... _.... LuVa puroax..............................._....__.. ChAa. Arpen4ru..... ......._.................. ........
....

Oo............ .... ........
A HA

OR.. WutMrn ala ............._.................... ..... En" lulria norela............ _............. ._........ . Waal ooael U 5A (WA. (R, CA) .outh ..... dn...... .......... _....... T 21 N

Co Mako (Bale CaYlaMa).

94n1 ...... .........._.._.....,.._....v...........PanGa NWmpoJo maMno/aw.............,........._...... PaVpbY Repub4c of CNna._....................... ......dc._._.... ........... . E ,. 139 HA
A

NA
HA.

P.npolb(.acaNaNaata) .r ....................... MMaLemMncAl_........ ......_......,..........__.... /Jrka........_.__..... ................ .......... ............ ... ._..dc............. .........._ E
E

15
I

N
NA NA

Flaba_._ ....... .............._.._.---.-_.PunMr Falis cvnrohr cuN........................................ U S A llA and AR wal to SC uq Fy._._ ..... do................... .......
.

PunlpMa.uM_.___......................,..__.,,,_. F4nqahNyaMaWWa9ma lurmwlyP. Auwaka..,.............................. ....... .......... ... ...._rlV......,.................. E 4 NA No

PurapaH,souOwn..._.......... ...__......... _...... .
wC4AafmMi.

Pan9a/aunuiaan/a_ ................................. ..... Oo...._........................ .._............................ ......do........ _..... ........... E 4 NA
NA

No

NI
PwnWIm.IMnuWnaO ......... ........ _,...._...... . paerompsubvP4qwa_..-....__..._.__... Brs[5....._............... _................. _..... .............. ...dn........_..... ......... E 3

3 NA N.
Pwwm,LuEWauwY............ _ ..................... GPmroneG'Rewbeaba.rM_.._-............„,.v ....OO.......................... _................................... ....En.......................,. E

E
2 3

4 NA NJ
Poaaum.nomuNpypnM .......................... BurnmyaPan+n.........,.................__.._...... AualuaXa....._...__._..._................................ ...... OO............. ,............

tl E 4 NA NI
Pneeum. Be}y.tdred kyuAYa a9wminuGta ................... _._...._ ._.Ao_...._.„...._._........__............. _.........._. n.............. ...............

E 3 NA NJ
PualaCop.Me,dcan.._............,.._....._..... . Gynomyamenicanua........ _..._ .............. ...,_..

d

Mevko............._........«...._._..„..._.._...__..
_ . .. .... .._.-USA lU1)

.._tlo......_........,_..._..
._.CO._.._..._............ Y 8.149 11A 114019
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EaPle. oaYl_.......... _ ..................................... LkkaaaNr AarocaphaMr.......................... _.. NoM AmeAC. wolh to noNwrn Mealw.... U.S.A. E 1.34 NA NA
(canlrmYlleM
S4Iai .xcapl
WA OR, MN.
WI, MII.

00 ....................... _.__...... ....................... -.. _. _do......... __........... -........ _.... _..................... ....do......... ............................. ................ _... USA (WL4 GN. T 34 NA A.IIIU
MN. WI, MI).

Eeqle.GreenkndwNla.laYad.......... _....._.. HaBaaNUSalNCA4/pDMkMticas.__........ .... Greentaodroda1lJaronlAllaMklYUlaa._. .... du......... _.......... _... E 15 NA NA
EsYle. harpy ............................ _..... ................. HrrP%a LuTyja................................................ . Mexku aaulh to Arpenlb......................... _... ...... do............... _......... E IS NA NA
Eaple. PnAIpp1M (erronMeyaellnPl......_.... PAlmttPlug./a9ery1_ ...................._............ PnYlppnea................................. _._..... ...._... _...do_......................... E 3 NA NA
EeYk- BPanah YnperlY ...... ............. ....... _.... Aqwe /raG.u aC<lDertl..................... ....... ..... SPeln, Moracco. AIpaM....._......... _............. . Entlre........ _.............. E 3 NA NA
EGnt.CnNlnaa.._ ................. ..... _._....... __. . Eprett. eubp/wlea......................... _........__.. CnIM.I(arer........... ................... ............._... ..... do._...................... . E 3 NA NA
hlcon. Amwkan pwepdM........... ...... _.... qfrop®re/P,nua uuCxn .................. ......... . Nwle hom cantrY Masks .porr roM- .__.do.......... _..... _..... E 2.3, 146 17.65(o) NA

oenYal CnnaM ID centrY Mexlco, Mrl-
Iarr soulh to Soulh AmarlG.

Frkon, ArcYC parwpYw........_..........._.._.... . FilaoParaDrinuf Gm61ua_ ........................ Neah hom rpv4xra A4rYe to Graen ._...do....... .._...... _... T 2.3. 115 NA NA
lend, wlnlara rwb to C9nVY uM
South Mnurlca

Falcon. EurFalan PeropMa..... _......... .... _.. FikGParepnRwr(M'aprnuf ......................... Euopa. Eurasia south to Alrkr uld MW. ..... do...._._._.............. E 16 NA NA
.wl

FYCon, noibwn .ybmado.................._.._... F,kp lanpmGS aeyfmGlsuGa................. U S A (AZ. NM- Tk). Mualco. Gwlemela... ...... do........... _....... _.... E 71E NA NA
fYCOn. parey'ine .................... _..................... . F.AyPrrapuwai ......................................... Woddwide, excopl Anurclka and moal Whwwer IourN In EIS/A) MS NA NA

Pacific lalerqa wiWln the
conlernl4qua IE
Slelea.

Finch. layaan (horwyaeeper) ............... _..... Temspp, (-Psiltiwbr) anrnnr.... .......... . LLS A. (Np.................. _................................... . Enllre................ _........ E I NA NA
Fumn. Nnroa Ihoneynaeperl....................... Tnrespyta (.PSttvwtra) u0mr................. ..... do............ _....... .............. ......... _.... _. . ...... ..... .du......................... . E I NA NA
FlycekEer,Euleia....... _ ........................ _..... Enpti'oru.reWeArtphrulmNV........................ . Wealbdiea:Grenade................. _..._......... _. ...... dD........ ._........... E 3 NA NA
Flycalcher. Seychelles Purr4fe ............. _... TayrV/^anr co'"M ................................... Indian Ocean SeycMllaa....... ..... .............. . _.qo..................... _.. E 3 NA NA
FlycYChar. TGMU.............._.................__._.... Pommaa mpr.......... _........ _............. ........... . Soeltl Pacific Gcaere TehiN........_...._........ . ..... do....... ._............... E 3 NA NA
FCEy, SaycMllea (warvat-fiMh) .................. Fp.d,e sacMNinwn.-_........................... ....... IMlan Ocean SeYChalka............................. . ...... do..._................... . E 3 NA NA
FrqelebkQ Mqur/a-...._ ........................... FeprM rnWOws/........._................................. East InDlan Gceen....... .._..__........ _............ . ..... dD.._........._......... E IS NA NA
Gaoa.. Aleuuan laMda. _ ...................._..... Bunh nMUOnva la[gouwa .............. U S A. IAe. CA. OR. WAI. Japan........_...._. ......do................. _....... E 113 NA NA
Goaee, Uawexm (-Mnal ............................ NefocDan f-Bnnbl rrnd.icanvs........... U S A. (HI) .. ._............___..._........_....._...... ...... do...d......_............. E I NA NA
GoMewY, Clulelmn b1erW._..... ...... „......... Aroplra /Irarlur MkHa ............................. IMNn Gcean: CIelslmaa lalfnd....... _........... ...... do...__...... ._.... ... E 3 NA NA
Gr¢Mr.alltMer-0illed .......................... _...... Ouhfcalw(-CrarUk) Pr/urhb................ Meako......._....................... _.......... ._...... ...... _...do......... ........... .... E 3 NA NA

Graalwren. Eyraan (Mcwlcha) ................... An7kxnaWlda.i........ _....... ..... ................... . AuU.e3a..............__.......................... .... __.... ..... do......... __...... _. E 3 NA NA

GraDr.ADtlm_.... _........... ...... ................... Pad^Nmeuapqra.................................... -..... Gwlrmah....................... _....... _...... _........... ...... d0.._.... ............... E 3 NA NA
GnrnenankNOrdmarlrib........._ ................. Tnyaprtora........ ..._..... _............ ....... ....... . U.SSN.,Jepen.anuthloMdqa,Baneo.. _...do._..................... . E 1S NA NA

Gwn.hoiMd.............................................._ QeOPIMriJ tlslbiMAa..._............................ _. GuYemala.Ma.lte._......................... _.._....... ...... dD....... ._..... .......... E 3 NA NA

GuY. Audoudrl.......... _.._..... _.......... _..... _.... _ Larva ardariiA..._......._,_........... .................. MedleMnean Sar........ _.... ..._...... ....... _... ......do.......... ..._......... . E 3 NA NA
GWI. reMCt._ ..................... _....... ...................... Lwr MicNa ................................................. We. GJnr .. .................................. ...... __..... ...... do......... .............. E IS NA NA
H.+m.AnbuanlWndwarrnw....... _...._..... AttiarwA.mafouJ/N^_ ........................... IndanGcunCanwnLleMY...__...... _..... . .....AO. ..._.........._.... E 3 NA NA

107

V

U
O

n
T
>0

n

.pw

O
m
a

^

arlapnaoa........._.._ Buran perr{vpnanw .. ..............._.__. .... ... Emetln SGabPrpor 14moq ... ................ .-.OP ...__............ ! 7 NA 1U.
/4wk.Nrwallen)- lo).._.._............_......__. BurnosoGrrrva_...._.......................... ......... U.SA (NI).... ........................................ .... Uo__....._.......... _ E 1 NA NA
Haimtl.Iwoh.bYledllwmnNnpbUdl........_...... Glnurirl^flerrpM^.M)cbAVW ....... ...... _.. B^yY.._...................................................._.... .....Aa......._......._.... ._ E 15 NA NA
Ibneyaenpx.nnlydl-'akoDeFDMI.._.. PnlnyryQO:N................ __......... ........ ........ .. USA.)1119...._.............. _................_........__.

....

.do....._._......._.. .... E

I

HA NA ^
LbrnnlY. naNnalad ....................... FNnnPrar HpN......................_..... _.. ...... ._.. ThYNnd. Ma4yYa......_._......._................. ...._ .. ... ... ... E IS NA NA
Nonq.nx.Mtmrled..........._ MalipMPa aaalix...... _......... _.......... ....... ... /wWHlr....... ...... ................ .._....... ......_........ _ _..do__....._.._.... .... E 1 NA NA
IDIa. Japanraa cr.Yad ............. ..........._...... N•Jppue Awon....._...... ........... ........ _ ........... . CNM. Japan. U S 8 R. Kore......_............... . .....W ......_........._.. .... E 3 NA NA
kapu . ...................... ....................... flAP101'MlnaAdarW................ ... Sni111 Pa'lll, M.en• Nn.,



_ r 1 ) ' ,•1 r ( ^ .. .
Ow. ......... . ..... I Lxw rw:w......3.......... .,....... _. r.......... ^. Inw.,r.ninaJ.....` ^.......J'. _... _J ....._ w.[t... _.. e 16 NA NA

H^uMArycwn.1p4n0 pumw...__..........J Axplx 4ulpraipuW:W ................I'I wYah Owan. C`TGO IllueJS ...-..."........... '... .OO... i ....................I E I 3 I NA I NA O
^
v

N.wk. Gxw.p..._.....
H.wk, HawaYan (-b)
Hwmn. MWGYaC IN
Honavuaenar. u.aIW

Ide. JaPanaM Qo1W......
K apu ........ ......................... _.
KeMa)q (^ uvA^PUrun...._.
KesVal, MmWu......._.... _.
KaaVa, Sychalla .............
Kuqlisner, Guam Mlaonw
WLL GuLV IwcbWlaG..... ..,
Wb. Evary4a anaY _.......
Kaa. Grxua Mok-0dla0..
Kokako lw.Kl.beal..-.._...
Mac.w, plaucow..._........
Mauw. 6tl'Ye ...................
Mac.w, Ynla dw........ _....
MapW.moln. SqGwtles p
M&FaK.. rW^laca6 (uicbu
MsYarC, Maan......_._......

CO
May.po6a, Mlcrarwalan (_

Ca Mupapaa. M.lao ...............
MiwUUU. NAw. (NG v.urlG
MoatGl, TNUn (nW wcrld

MwrMn (^Y4Yrxda). Haw
MaKiwl 1-Wlllrxdal. Mxl

Qd, An)cwn sa
Od. Wun ecoP.

0.1. Sayclwua.
Dwlat MGan•e
Pak4lnulvfar
PuakYai, Fabal
Par.keal Wban
Puakael, paar
Puakaal. Maunu

.BvrwN^^a4_......_......................... EcwGOr IO.up.paa Ip.narl.-......
Burro wvlu.W ................. __............. __......... . U 5 A. Ildl.... .. ................................
GLwe (-flarplqqaa) trAMW....._......... Slue.............. ........._.......................
PsSrwruWW ................................................ USA lHll....... ................................

Rh•np/tr vp4 ......................... _..................... TbaYand. MUaYw. ........... ............

MalphaPe LBML't .............. ..... ................... AuaeaNl............................. ._...........

Kopcrw n'Axrn.... ...._ .................................. CNne: JaPU4 U 5.5.H.. Karaa.......

RhYrkwwla.ldalw._......_ ......................... SouN Pacnllc Ocaan: Naw GkNdoi

SaycP. habapWw ..................................... N6w 2euuq............... ....................

Fdv pv4ww................_............................. Indan Ucean MannlWa _._.............
Fe4M xeee .............._.................. ...... _.......... bIWN Gca4L Sa7c116UW Hlande.

/pA)wr tuwrxrMSa avwmwrwM_.-_..... Weslun PaGbc Ucwn: U.S.A (G
ClKKi[4P16/fYWlGweq NYauY.................. Well lndea: GAa.............. _...........

Rw4lrmw sordbbi pAmdeus ................... U S A (FL). Cuba................... ..........
Clqa6cWWaRWrYMW mllu................_... werl Inae.. CuwlkOa..... ............. ..

Faeaeas awreA .......... ................. .._.......... New 2uUknd........................ _.........

Aws avsW

AkqqaWVs

GalWwy
Ga/Yn.ra

Olw rvuu. cqonor++s.._.
Otw pumuN .....................

orw Nruwa......_ .............
Otw iuwa..._,........
LnvaMds ( oPamawM.)
Lyanaarqdws .w[q+J A

. ) . l:I":(^ r^%F:r)5i^t. qj ^..•..

..... m ............. .......
. . . . . . . .. . . . . . U o . ...............

......GO..... _ ..................

. . . . . . a ........... . . . . . . . . . . . . . .

......tlC..._ ....................

uWlen Ucean: sayclwYUe lalana ................ ....AO...... _...............
Sd LanAa (-CaYlun) ...................................... ...... Oo................. _.._..
Wesl Paubc Ucean: USA. (Guun, Mar4 ...... UO...._ ...................
aN 1616na).

Waal Pacilw Ocean: U.S.A. (Palau IJxW. .. ....Oo .........................
Manerla 161anUa)-

InConusle lMAleGeal.... _ .................................. ... ._OO...._...................
U S A lHI) .............................. _.............. _...... . ..._do.._............... _....
Weslurn Pacl6c Ocean: U.S.A. (Maliuw _.... tlo..... _.._..._.........

IslanUf)

U S A. llul.......... _ ........ ......_.......................... . ...... a....._..._....... _...

U S.A. (H)I ................... ........ _.....
......do .................... ............. _......
JoNUr. 9euN Nabla .................
SpaN6n SMUUa ...................... _..

,USA PIII .......... ..... ...._...........
Nmun Ucuan: Conwra bIU1G..
Plxlppulet: Meruwuque and
Ia4M

now, Gc®ul: SvyGlalloa INen

. .:.,t.r^ . .. . ,:p•:`.t

E

E
E
E

E
E

E
E
E
E
E
E
E
6

E
E
E
E
E
E
E

3 NA NA C

I NA NA V1
15 NA NA

1 NA NA

T

15 NA NA
N

^

4 NA NA 0
3 NA NA ^
3 NA NA ly-
3 NA NA
3 NA NA
3 NA NA y

156 NA NA ^
3 NA NA
I 17 B5(n) NA
3 NA NA ^
3 NA NA

16 NA NA
I5 NA NA
S NA NA a
3 NA NA
3 NA NA '

23 NA NA C
^

3 NA NA

3 NA NA

I NA NA
3 NA NA

I NA NA
156 NA NA

6 NA NA
1.2 NA NA

I NA NA
3 NA NA
3 NA NA
I NA NA
3 NA NA

16 NA NA

3 NA NA
3 NA NA
1 17®5N1 NA

3.15 NA NA
4 NA NA ^s
3 NA NA
3 NA NA

I: - :.
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Penkeel, cclue-muked ................................ Pynlx.v' cwnMe.................. _................... BruY................................................................ ...... do............. _......... E 3 NA NA

Puekeat. onnpeebeWad ............................... &oPheme duyxynsMr._......... .................. Ausbslla............................. .......... . ........... .. ..... do...................... _ E 4 NA NA

Pweheel.Psradifel-beeNilul) Psapqn.sGvkMnxrxn...._....... _................. . ......do....._......... _............................................. ... ... do...... ._.............. E 4 ^ NA NA

Perekeal.acerleltbeeledsPlenaid)........ NeuPlwrMS'WanJx4.................................... ..... do................... ..................... _.... ..... ........ ...... do..._._........ ........ E 4 NA NA

Perakeel,.luryudsa ................................. __.. NeoPAonrPukAeIM........ _..._....................... ..... de..... _............. ._...... .... .......... ............... _. ...... da......._._.«.......... E 3 NA NA

Parrol. Aus4aMen........... _ .......................... Geopsttscua oceCenblAf....... _..._............... . .... .do..._.................................................. _.._ _....do........____ E 3 NA NA

Perrol. Behaman a Cuben .................. _....... . Amarrone Aw.rocnpAa4........ _....................... . Waal hMies: Cnde. 8ahemes. CrymaM_... ... ... do..._..._........_... E 3.15 NA NA

PnrW. iround ............. ............ _......... _._..... Puropoln xybrtua......... _..._...... _................ Ausballe ...... ......._................._..............._...... ..... do_._._.............._ E 0 NA NA

Perrol.lmparlel...... .............................._....... AmeroMRpmutis........_....__._................... Weal Indas: GamlMq.......... _............ _..._.... ...... do............ _........_ E 3 NA NA

Panot. Pueno flkan._ .............................. _.... Mwronl MMn...... ....... ....... _...... ........... U S.A. ( PN)..... ...................... ........ _... __.... ...... ao..._.__..._..._.__ E 1 NA LIA

ParroL red trowed_....... _ ................. ...._..._. AmnroM rlpdocarylha............................. _. BIUM..................... _............. ...... _................ _._ ...... o._................. _.... E 3 NA NA

Perml.rad^capPed..__.... _...... ..._ ................ Prasapvtteplenrn...... ...... ......................... .. ...... do...... ........... _.... .............. _................. ... ...... do..... _.._........... . E 15 NA NA

Perral.ladMcAed...... _...... _....__.... _........... AnuroMU.usbc4 ...................................... WeslIndles:Dankicq.._........... _......_...... . ...... do......__,_........... E 50 NA NA

Perrol.red^specLcled .......................... _.... _.. Amaron ............._..... BruY.ArYanliM-.......... _._.......... _................ _....da._._....._..___ E 15 NA NA

PnraL S1. Wc4 ........................................... AmuaM vorsirokr.._._:_..._........................ . West Indes: Sl LuW......... _.__._........... _ .._.do........ ....... _.._. E 3 NA NA

PuroL St. Omeant.... ...... ._........._........... MuraM prxF]egY..._.. ........................... West Indes: SI VkrwnL............................ . .....da......__...... _....... . E 3 NA NA

Penol.Ihkk^bNed........ _....... ..._ .................. _. flGyncliqnsRMPeNqrtrynche......... ....... _.... . Manko.U.SA.(AZ.11M)...... _....................... . MaaJw..__........_._.... E 3 NA NA

Pural. MMcoonbrauled...... _.._._......... Amerone rvuree....... _... ............................ BrexM.................................. _.................... __.... . EnRe......... ..__....... . E 15 NA NA

PenolUul, M®ul (honeyuaePer) ..................... Pseucbneslor ren/AoPAya........................... . U S A. (NI)............................ _.............. _.._..... ...... do........... _.......... . E I NA NA

PeNCen, dawn............._._.._.........._............. Pelecnnua occUUnfnW........ _._......... ............. U S A(CeralhNea to TX. CA), WeN Indks. Enlue, except U.S. E 2.3. 171 NA NA

C. and S- Amatlu: CoasW. Allsntb coask
FL AL

Panpukl. GelapcpM ....................................... mentlkuWS........................ _.__._ Ecuador (Gelepapos Islands).._................... . Enlxs..._._............ _.... E 3 NA NA

Pont. Newalqn derMunped .................. _._ Pteradvma p/Meoqp4 senAuicAensis.._... U.S.A. (NI).................................. ._.._.............. . ..._.do..___.............._.. E 2. 4. 1 NA NA

Phoassnl.bsr^loNed ...................... _,.......... SpmalkusMUnale......... _....... ........... .......... Bwme.Chlna....................... ................ .......... ..._Aa..._.._.__.......... E 3 NA NA

Pheesenl. BlyUis beqopen...._...._..... .......... Tmpopsn CpiM.................. _ ........................ Burma Chku. IMte.................. _..._........... _.. _...Ao....... _.............. E 3 NA NA

Pheusnl. bonn eued............._........ _...... CaossopGbnrrMnrcnxkwn..._ ..................... ChIM........................_...................... ._..._..... . ...... do.......... _...__ E 3 NA NA
PMe>an4 Cebot'a Vspopan.... _ .................. TiaPcpan cebop......._.................... ___......... ..... . do................. ......................... _..._.............. ..............._. E 3 NA NA

PMeaant. CNrresa monel ...........................- LoPAOPAOrus 1/xryaF......._...__............ ........... . .. .... do_......... .......... _.................... ...... __...... ...... do..... .____._.._... E 3 NA NA

Pheusnt. Edwerd's ............................_.......... Lcplpva WrrsNSl..._....__...... ............... _... Vlenum.................................... ...._................ ......do....._.__...... ..... E 3 NA NA

Pheesenl Elllol's...,...._ ....................... __.„ Sermafkrn a14otl.................. _................ _...... . CNM.................... _................................. ...__. ...... do....... ......_.._.. E 15 NA HA

PMessnt.bnPerlat_........ .«._....... _ .............. Lophunknperbx9.._................... _..._......... . Vleinem_........................ ..... _.... ................ .._.do.__................... E 3 NA NA

Pheuent.Mlkatlo.._...._.._.................. _..... . SynM&.vsnehedo......... _.......... _ ................. Telwan....... ...._._..................... .._....... ..._.. . ..... dc.............. ..._..... E 3 NA NA

Phessenl. Pelewan peecock_.......... ...._..... Porypleqmn emPAe.xen_ ............................ PMIIpPkws.......... ....._.._........ _....

_.............

. ..._.da....

_.__............

. E 3 NA NA

Phassanl. StlsterY mond....._.._.__.._._._... Lop4op/rorus sNetM.......... _..__ .................... Burme, CNne. Indle................ _......

........

._.. ...... do........__._......... E 3 NA NA

Phesssnt. Swkltloe'e._......._..._..... _._....... . Loplwe sxlnlwY............ _ ..........................._ Telnan.....................................

_.._._.........

...... __.. da._.._..._............ E 3 NA NA

Phaassnt, westem traAopan .................. _... TrePUPan moLnocwplWw............ ............ . Indle. Peslslen............. _....... .... _............._. ......do._.........-_._.. E 3 NA NA

Pheuant. wlVle sved ................... _............. . Qussq+Mon possoPGbn......... _................ . CNM (NMp.IndMa.......... ................

__.........

.. .... do..... _...... ------- E 4 NA NA

Plqeon. Axores wood....... ......_ ..................... CoromMPelwMUa eralca...... _.................. . East Atlanlic Ocaarr. Arorss....... .....

_.....

. ...... do..._....... _.._.... E 3 NA NA

Pipeon. Chatham INend..... _..... _ ................... HamPMpe nowsaa4nOre cNIMm. IHw Zeelend.._.............. .................... _._,... ...... do........ ........ ...... E 3 NA NA

Ma/J

PI2ron,Mlndarorone^lebd........... __....„._.. LAwuLrrurMOrPnala.__...... .......... ._..... _..... PtJIMPals1............ ___..........._ .................... .._AO.._.......__._..... E 16 NA NA

Nmuhx wytrruN.......... _.... ...... USA (PH) .... ....... ...... ...................... ... .._..de. ..................... E 2 NA NA

coa
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IN
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^
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m
a

a

RVxyYwn.bleck.bonley._ ............
P

........... /WW4rNruWye
qln. I(OCKe...._ ........... .................

._............. _.._
..._....... ^ AOCNp1

.... ............ ... ...I MpmWM _...__......................_....... ..... OOPbrw. Naw Zsalend show_..__....
P

...__..._........ ........ _.... _....... Tlunanis MveaaeNancW
.................. _... { PIYIIppIMe ..._.__........._.............__....

_.....
.._......_.

..... .._...._.............
tla

_. E 15` NA NA
bvu. WWnu........... _._ .............. ..... r........ _..... . Lauiax.emeroda.

.... .... .._....__. I Now Ashnd......_..._...__._... ....._.._ ......_...
........._..__......

. da
... E

I

I16 NA NA
I

............ .... JI..... .._. ... _ . , USA Lekas, nonMrn
Pl.in.

IGn^^_raet
.^^_ .. ^ .. .. (beel

_..................
Grnl4kes

..
^ e 3 NA

^.. ... NA



a'WW-Gwn ouw.nonw..................._.._... . a'Y+n.Ma^W.._._...... ........... ....... ..-....... Nwnma . . . . . . . ............... .............................. .... no . ..... .. ....... E
Pln Nocn'. ............................_.....................A

P1^A^
....................................................... Pniw............. _IWmw . ... . ........... .. . .............. . ..... -. .. . tlo.............. E

Pbvw.NawZetlWMare............ _............ . TAhWNI Mv411w4nW..... ...................... __........ ..... EO......................... E
Pbvar.Ptp4W .......... ................. _.................... . LArab4amabcfw..... _............... ..._........... USA. (Greal L.kw, nonnam Gu.l Grwl4kn E
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NAWr... .......Pq.on. Pwru) Plun .... _.. ........ _ . ..arn.u w.rm.rCowmu P ._..... u.. ......._ ...... ..........._ ................. ..... ;

Po'ouy(MwaarePw) ............ .................. .. MelavBVOstyyP•1eawcana.......................... . U SA. (NII......... ................. ...... _................. . EnYre...... _..
PnFwc@c4M Anwalrfl prwlw ............. ... TYnWanu[MO aprb amv.reA.................... U S A. (1Xi ........ .......................................... ...... OO _....._..
Guul. Mamxm. Monlaiwna..................... ... Cynary+mmfwwru+nxwrunv............... _. Ma.ncu (Veia Gui)..... _........ _....................... . .... .EO............
Guee.l.reaPlanJCnl........ _.......... _ ............. ... PlurMUCnua awc4no................................ . MexbuloPeoum..........._............................. . ..... dn...........
Rui. Au1NnG NIenU.... ....................... ...... . _.. Paclw,Ga mw6yA.............................. . Nuw ZeaNnC.......... __................. __._..._........ ...... Go............
RAJ.C.klaNaclapper...._......................... ... flaGwbrp'vosvwoosokrw........_........... _... USA.ICAI ................. ..... ...... _. ............
R W. Gwm .................................................... ... fleNw owsroni......_.... _................. ._........... Wuelern P.Glic Gceul: U.S.A. (Gwm)...._ ..... GO............

CO R W. pplu^bal®C cNPpw........ _. .. .............. ... Avgios8'u NvF'+aa ................ _ .. _ .... ... U S A. (CA). Mexko (Bale C.AbrNal........... . CO.. ...............
..^ RaY. LaG Nowe wooG_............................... ... TxAOWrcua syAVah.f.................................. . Aue4aYe (LwG Nowe IeI")......................... . ... _00............

flaJ. Vurw G.PP®r ...................................... ... brg'vot6iaYwW»nsia..................... . Meuco. U.S A. (AZ. CA)................. -. ......__.. AO.............. ....
Rnw. Uwwin'..._ ......................................... ... PlwocnemLPwwY................................ .... NGenln4 Bo4vk. Pwu. WWluay................ . . Uo...........
RoNM1 CnaYwn NIW................. _......... _.. .. . Paooica tra.eN........................ _...... _..__..... Nuw _..._..... ............. . ......OO...__...
flotin,scuNbprawlap(Ilyanlclw) .......... ... !b4[W miAymAymW[<nW....................... . ( Nmlalklcltatl)..._.......................... ..._. tlo-...........
florxlmA. W%-neckuJ .................. ........ _._ ... Puowrw oma.............._........................... . Cemeroan. Ge6on............. .................. _........ . ...... Eo.._.......
RocAbwl. whlenxke0 ..................... _....... .. . Pouwrtw pmrprzply/w ..._..................... Alnce: ToGo to Siern Leone........................ ...... do...........
Rollw. bnp4ilcd pround ............................ ... Oqulpw dwrwa...................................... . Mtle4¢.y RnpuLNC ( -Maae7rRY)....... _.... .... .. OO..... ......,
Suu4diG.neuy....._ ........................ ...._.._ ... Aornortrac4mosa.................................... AueV.kY............... ................................ _........ _ ...... Go.............
Snanu. Cehe W.ck (IMuYI) .................. _.. .. . Copsyriw nya• mGwruu....... .........._....... . Phuppnw........ _................................ _.._....... ......on............
SliearwaUr, N®weMl TowwenGY llor • PW/nw (lanwly pittirwa) USA.(NIL................_.................._.............. ......GO.............
mery Muul noweu.

Slvu..SUICNmenl.lopPerlw.d ............. ... [anusAabnuanwmwmY................. ....... USA.(CA)._................................................... ......GO..__._...
Bubn.rad ..................................................... .. CurAw4a (-8puaw)qx:W4M........_.......... SaulhAm®nce.......... _............. ___............... . ...... Eo...........
SPUrow.CapeS.E4weaGa ............._... ._ Artwpcvanwa (-AmmnapirA) rtwnortwa USA.(R)................. _. ........... _...... _. .......... AO ...... _ ..... . .

rr^a.
Sp.rlow. dnMy wwxL...... _..._ ............. _.. .. . Annrmamw (-Anvrw{w.) manwrva .. ..Oo..._................. ............................. _.. . . .....Oo.............

YI tlM

Spurow. FbrW pualaPWr..... _ ............. ... Ammodanxu aav^ nw.4rwa..-..... . ec..........................._....._.._..._..._............. .....AO.............
6PUrow. San ClamMla wYa....... _.......... .. . Nrp/wpua ov0 cWronlwe ....................... USA (CA)-............ ........ ..........._.._.... _.__.. .....Ao .............
EWYry. PoluPe maun4ln ......................... ... AppruPa4eW.............................................. Wva P.W. Gcuuc U.SA (CUOWw IP .... ..CO...... .....

Mnas).
SwYnp. floYUCNIaY (myw)..._...... ............ .. Lwap.wrorAaclW............... ....... ...._....... IiaawW lBxul................. _........... _.............. .._..oo.............
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Species Verlabrale

Conmonnsme Sdenlillcnama
Nletodclupe Populelbnwhne

eManp erad ar
Sla•
We

When
MNed

Critical
haNlal

SpaclN
rvlee

etlarrodUv

SIIIL hWwaNan (-Aa'o) ................ ............... . /G"menbpus nw+ricanus (-Avnanfopus) U.S A. (14walp....... _........... _.................... _... ...... do...._............ __... E 2 NA NA
AnUdsen!

Slae. mlamsl wNla...... ._............ _ ............... Ctaria aLroNa bori'la^a.......................... _.. ChMa, Japen, Kmaa, U.S S.H•._.................. ...... oo........._...._........ E 3 NA NA
Stmk wood ............. _....... _........................... . Mycruw emaircena............_......._.............. U S A.. (CA, AZ, TX, to CarolNn), USA. (Al, FL, OA, E 142 NA NA

Me.ko, ConlrN and Sovlh Amerka. SCJ.
Swiblal.MmleMpay(-VaNkoro).._........ _ Aerodremus (-COlloceRa) lan4mensis Western P¢Ilk Ocaan: USA. (Cuam, EnLYe..... _....__......... E 158 NA NA

eer/rcM flou. TINan, Salpary Apl2u®n).
Teal. CampbNl Hluq U2hVasa_..„....._^_. Anes urManctFj naslctB ....................... _... Ner Zealend (Campball INana)........... _..... . ...... do...........__ E 15 NA NA
Tenl, CeIKOrMa IeaN .................... _.......... _.. Stema anbHervm (-amrdon.fl ArowsM....._. Meslw, U.SA. (CA) ............. ......... .... _..._..... ......dc........... _........... . E 2.3 NA NA
Tern, kael...... _......... _............ _ ...................... Steme InWWUm........................................ ... U.SA Nllannik and CiWI coanU, Mss. A. U.SA (AH, CO ba. E 162 NA NA

Besln, CA), Cr. and Lou. AnWlee, IL, IN, KS, KY,
BNUmu. Mexkq; wlnlers C. Ammk:a, LA (kese N. and
noMwn S. Amerlu. bUa. N of Balon

floupo), MS
(klBa. NJ. MO.
MT, NE, NM, ND.
OK, SD, TN. TX
(Excepl rANn 50
mWS at couU).

TMaehar. whha^braeatad...._............ _.......... . Ranqi4aehG/w baMyurw...... ......_ ............. West Irqlea: SI. LuW. MaNnlque....... _...... . Enbra.......................... E 3 NA NA
TMush.lerga KauN .............. ................ ..... ,NyaJ^isfes l-PMeandal myMOstinus...... U.S.A. (HII................. ........ ............ ..... .....

.... ...... dn................. _....... E 2 NA NA
TMusn. Molokell-obma'o)._....._........... _ Myecesras (-PASeomLl kna/ens%a _...do ................. _......... _...... _........_...._......... _...tla.....__......._..... E 2 NA NA

(-obscuvs) nrtM
ThrwR New Zealand (wablebdd)_ .............. Terru9n cepenab...... _._....... _.... ............ _... New Zealuq...... ........ ._...... ......... ._...... ...... ...... do......... ...... ........ E 3 NA NA
TMush. amat Kwasl (-puNONI.._ ................ Aryadestes (.PASaornb) pakne,i........... _.. U.S.A. (HII...._....... ._........................ __..._._. .._..do............ ..... _.._ E I NA NA
Tlnemou. ao64ry........... ................ ........ ..... . Tnamus softtnArs.............. ..._.............. _........ Bru3. PareYuey, AGenWa........... .... __.._.. .....Ao..._.......... _._.... E 15 NA NA
Trembler. MaNnique (IWashar)_.... _............. CirKbculhia m6cauW pulMa9s._........_..... Woel Indes: Manin"........._...__...... ...... ...... do............ _...__... E 3 NA NA
VMea.leaslBeNa ............................... _......... . WeubetlDpusdus.......................... _............ . U.SA.(CN,Mexko......................... _...... _._. ...... du.. ....... __....__. E 228 NA NA
Wanduaw,pleln(colWed^hemrpode)_......_. PecbrromousIX.vpunlus ..... ...... ......._.......... . Aullrella............_..... ....... _....................... _..._ .._.AO........ ...-..._.. E a NA NA
Warbler(wood)•SSclvnen'e.._.._...... _..... ... Vantirwe Garlanany........ ........ _ .................. U.SA(SOUlheularN.Cuba...... ......... ......... ......dc...._..._...._...... E 1,3 NA NA
Wubbr (wood). Bubadoe y®Ibw............ _.. Den4olca patxtia peteGSy._.... _.._........ ... well WNer. Barbaoas......... _....... ._......_.... ......do ............--- E 3 NA NA
Wublar(wood),KpUanCa ............. .......... _.... DsndoksAh/aM9............ .._.._.................. . USA. (Wklcbtly b18, Canaoe, West ......do......... ...... _.._... E 1.3 NA NA

bplee: BnMme IsHnds.
Werblrr(wMlow).nluhYrpNaread....._.......... Aaocepha/veNSCgus........_. ...................... .. WaNernPadllcOcean...... _............ _........... . U.SA.(Maduu E 3.4 NA NA

INands). -
Warbler (wlllow). Nodlquea......._....... _.... 9e4mnh roderkanus._....... ........ ............. Mauritius (HOdMuea INands) ......... ......_..... EnWa......... ._....... E 3 NA NA
Warbkr (wood), Sempw'a........... _ ................ [europere serryerl........ ....... _._................... West In4aR SL Lwla ............................. ...... de...... _......._....... . E 3 NA NA
WuWer (wdbw). Saychelles ......................... Hobmrtes aacAenensis...... ................ ......... Inolan Ocun: Seychellae INend........ _........ ......do.._............. _..... _ E 3 NA NA
Wlvpb4d. Westem ............. .................... __..... Pscpho0ea nymyWuis_............................... . Aus4Nla............ _....... ............_................_....... ...... do................ _........ E 3 NA NA
WNla^eya. bddbd ............ _.... _...... _....... _..... Zostamps eonspk^dkh wnapkRlAta............ Wulurn Padlle Oc<are U.S.A. (Ouam)....._ ...... oo_......... ....._..... E 150 NA NA
WMwaYe, Norfolk Island......... ................ _. Zoatampa a/Dopv/sns.......... _ ......................... lndun Ocesn: Norfolk Nlande........... _.... _.... ..... du._.......... _......... E 1S NA NA
WNlaqa, Pooslw yeatar ........................... Ruku bnyiusba (-surhrd)...._...... .....__.. West Padllc Ooesn: US.A (Cuollne N• .....AO......... _........_._. E 3 NA NA

bntlN.

co)
V

Lb
On

'n

n

Q1

O.

In

WNleala.SeychNroa ..............^.,.,._.. ....... ZnNMysrnoeym....._............._._..._... ..... InElmOpan[SncMllaa.............................. _..do....._......_.._ ... E 7 NA NA
WomArrckm. NparlN_...._......._ ........... ...... ne+nP/xAn hpenans.......... _.................Q .. _. Mexko..........._......... _.._ ........_....... ............ .._..d0.....-....._..... ...

F

3 HA NA
Woodpechx.NOry.bAWd__..._..._.......-. ....__ CanpspMluaPnc^pal%s.......__............_... ...... USA. (soullrcanvN and southanlun). ......do........_...._...... ._ E 1.7 NA NA

Gba.
WooGpeder. redcocluoed......... ......... ........ Px.wHes (-GMndddy^osl WraaYs.... .. ..... USA (wuthanbN and aauNqslun)..._.. .. ... oe_.._.............. .... E 2 NA NA
Woodprv:Fer.Trhlanta .......... ...... ........ _ ...... . Pyacq9uipron®anbAanlsl._............... . _.. Koiea......_................ ............. _..............._._.._ ......do...............^.. ..... E 3 NA NA
Wren. Ouednloupetwusa.... _ ................ . _... TmphdllesaecbnWuOObcqnsh....... ... _. WeNlndlae:OvadNOUpa........... _......._.._..... ......da......_....._..... ..... E 3 NA NA

) Wran. Si luda houu.... _... ..__........._. .... _.. Nq2b:.)-ba satlon mew/w.cu .............. ...... Wul InNec St. Luda...__..............._............ ..... do....._............ ..._. E 3 NA NI p

8i asmnva
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fi

WNU.1Ye. SqcMNn....,
WooEMCAaq Ynpwul......
W,wGpucAw. MorywNd_

waoep+chr, no-cocl+a
WooCpxkw, Tr4um'4 ....
Wrao, Guttlabupa housa
Wrwt St Luc4 hbusa......

N[Pn ss

Apqsux. Anwrkul...........

Ga .................. _.._............. _.

Co
Allpnnt, CNMw...... ..... ........ _.
Anols. Cul ed. 44nd U'anl........
Boa. Jsmsksn............ _.............
Boe. MoM ............ ...... _.............
BG4 PuMo Bkq......... _..........
Boe. NaxW Wsnb (no commal
8a, NouM 41ud Ino camwn
Sa. Wyn 114nds Uoc ................
CWMq Apspw4 Nlvw _............
Curnan, GIScA....... _ ............ ......_
Csinun. doaCOnoWaG._.._........
Csurwl, Yscue ..........................
Cnuchwaus, San ENUnan 14104
Clocodle. Atrinn CwN ..............
GocoC,4, Akicen Nurdw•sno,d
qoconw, Mwrlcan ...................

ClocoaAS. Csybn mqOw..........
Croccale. Congo mvwl ..............
Cwcaus, CuMn .........................
Cocodb, Moralwy .....................
Crocoaus. mW 7w........_.-...........
CroGoCM, NJa.........._ ..................

S(Sl

ZaWWS nwWS4 .................................... .... NuLUn OcuN SrYCnupn.........._.............__ .....OO_....._.........._ _.. E 3 NA NA C

GnW,We'w-Nmwru_ ................_........ ..... Mouw................_........._.............................. .._.GO.................... .... . E 3 NA NA yl

Canyr®pNkup'ncpsES .......................... ..... USA pouUmenutl ub wuWUSalwnl. .....Go..................... ..... E 1.3 NA NA
.w.C ^:

AcoeHS(-Cunbocopufl6wruW.........._ A-(wulkc®nuwuqspYlmaslwnJ..._..US ..__00...._ ............... ..... E 2 NA NA
47ocqausPwnwncMrns' .................... .... Norua .............. ..._.._..................................... ......00........_....._.. _.. E 3 NA NA
7mpbdpsasw:bn pw,:b.lv^pvu+a ......... ..... Walk,WacGwaabupe_.............................. .....Go................... _.... E 3 NA NA O
iroypbdstwscOUnmusqWi,cuf ............... ..... WasllnGaeS1 Lw;4........................_.......... .....GO........... _..._... .... E 3 NA NA a

AYyekvrrvsahysP'snw ........ ....... ......... ..... .lSoulnaaslwnUSA.... .........._...................... ..^WUwevwkwrwN E 1,11.61, NA NA

All'yetw srwn3C .............. _.... _.......... ......... .... CNna........................ _................. ..... __._._...
Anolis rooaa.w'tl ....................... ._............. ..... U S A. (PB: CWada IWand) ........... ..............
Epcalua xdM.w................................... ..... Junwacq........ _........ _...... ...... _........................
EpqAlas nxolmirs rntrpn,M .................. .... U.S A. (PA).............. _......... _..... ._............. ....

Epvaua vKVnsan .................................... .... __..cu................................. _.... ......................
Gau.u wawrwvl.................... ....._......... .... keYan UceeN Mawi4us..._........ __............._
BWyene nw4>uvins4 ................ _........... _. .... .....Uo........... ............. _........... .,........^'__......
EA/+les nunansn p•enU ........................ .... 11.5 and BtlW ll WBin 44nEs.............. _.._..
Ca"rMn nccaUw speporunsu............ .... Cubn,Uia .................................... _.._.........
N®4nW,.rAw nyw.................................. .... Amuon kasln..................... __.._.............. __..
ClLMn 4rvosus ..................... ....... _......... .... Branl. Apsn4na, PweUuay, lkupwY-...-...
Cerrun aonatYrs nure ........................ .... Sown. NUanww. Pant Srul........._..........
5'I VWIY4f YYM9......_ .......................... ... MbuCU........................................... _.... ,...........

Oslp4emw NYVps Nuaiw.... _........ ... . Wun Alncs ..............._._................. __...........
OornryAU u4yNr^crw ......................... _ .... Wuwwn and cenkal AIr1cA................... _......
Crocor¢he ecuW ................. _........... ........ .. . U S A. (FL6 Mu.lco, SoulU Amurks, Cum

Vel AmwIM, CYJ)G®M.
Clocuvj.W Wluc,s AnWU4 .................... ... Srl L4nke...................... _._.._........... _._..........
Oww4smrs woa W's wEmn ..... .......... _.. Congo Nnw asuwYa_..........._...._....... _...
GoroOy4u mar,tNw.._..__......... .......... _. _.. QAe ................. .._............. ._............... _..__,_
fiucroCSlw mrn4N.......... ..............._........ .... Madcu, Bw4a, GusUmW..._........._..........
GocntlyAU PWa4u PHAUUU._ ................ .... dds.PJ.Nlwl,ken,BenplWSSk...............
Cn%VJjAN NUDaq ................ ..._...... ..... .. . AkKe..._..................................... ............. _.......

•JJ mcepl Uwsu ED,113,
waer wnaru 134, NIC
YeluU as
UuusWrwtl as wl D̂
wm wlo.

U.S.A. (cwlain i 26,17. NA 1742(,) •
ruasulGAeN SI,bQ
SQ a$ suUalk 131. IE6 2
In 17.I2(&)lpl.
17.12U11p4

U.S A (FL. LA and T(S7A) 11,47. NA 17.12(q 0
TX); In oaPlNily SI, W.

1

wdxevw IounE 113, 131.
19B

Enda .......................... E 15 NA NA
...._Go ................... __.. E 25 17.051c1 NA

.._.Ao.......... _...... _..... E 3 NA NA

..... Gu........... __......... T 33 17 951<I NA

......JO ....................... E 2 NA NA

......tlo............ _..... _..... E BB NA NA
....qo ......................... E BB NA NA
.....GG..._........ ___...... . E 2, 9S NA NA
.._..tlo.._ ...................... E 15 NA NA
......tlo..._..__ ............... E 15 NA NA
_.Go.__............ ...... E IS NA NA
._...EO .......................... E 3 NA NA
......GO ...................... _. E 89 NA NA
.....do ....................... _. E 15 NA NA
......GO .......................... E 6 NA NA
....CO._.......... ............ E 10.87 17-85(c) NA

......Co. ................. _.... E 15 NA NA

......Eo .......... ...._._....... E 15 NA NA

....AO .................... _.._ E 3 NA NA

.....An ............... _....... .. E 3 NA NA c00

......Eo .............. _..._.... E 15 NA NA -+

......CO ......................... E 3 NA NA

. ,r,. . .

r^ ^. . . lk. .n••'

'• i
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Spades -- i- --_- VanaL.Ma

Common nama 9c4nunc nema
N4lwknqa WWIa1an.Mra

andenquW a
Si,.
his

WMn
Ntlad

Crpkal
haNlal

Be"
Mas

IMaabnad

GucoWa, dlrwcu._ .................. .......... oeccCyNS hfxmsd'us............. .................. . South AmMcc Orlrwco AN. Baaln........... ...... do............ ........... E 3 NA NA
CrecedRe.PlWipplna.._ ................................... GoGn?yNsnoveepu4wecnJnvbnnsb....... PIUuPPIneIJands_.... ................... ............... ..... .du.._......... ............ E 15 NA NA
GocWSe, aallwalu (.aaluuYw) ................ L6eCndyYSPOmsus.............. _................... _... SuulNeen Aala. Am0e2a. Papua^Naw Enika, aacaW E 5/ NA NA

Guhes, Paclllc blanda. PapueNOv
Gulnaa

Crocod+e. Slamesa ...................................._. GocodY.WS slamans/s........... ._..._................. . Souh¢eal Asla, MtleY PeMnuAa Enika..........__........... . E IS NA NA
OUlsll^9hulsl)._. .........................__...... Gwq/upuyaM.vs........ ...... _._................... . Pahplan. Gums. Barpladelh. Irqla, .....do..._._.... ............ . E 3.15 NA NA

Nepal.

Oacho.dry......... _........... _ ............................. PMbumneArauiwwloN........__..._............ InalanOcosn:Maurllua_............._........... ... ..... do..... .... ._............. E 3 NA NA
Gecho.Modb ..................... ............ _._........ 3PMeroMChAamlcroPrpucus........ ..... .... . USA.(PH)............ ___...................._........... .. ..... tlo.......................... E 125 17951c) NA
Gacko.NowMIdandday .............................. PAe/some9uemnM...... ........... ........... ...._.... ManOceanMawWUf..... _...... ............. _... ...... da............ ........_... E 3 NA NA
Geakc.SoipenlItl.nd ........................_....._. CbiaOacplussmponshaWa........................ ..-da............. .... .........._................ _............. ..... do...... _................. T 120 NA NA
puana.ACMnspraund ................___............. ('cbsMeltra.cMND............ ............_...... . WeetlnWes:Bahamse.................. _.......... _... ..... .de..... _...... ...... _..... T 126 tq NA
Iguana. Allona C.y.........._.............. ..._.... Lk'A^'.9c41urs inorna/a............................ .... do................... ........... ......... _........ _._..... ...... dc........_..._....._... T 129 NA NA
I3uana. Andrm Island Wound........ _..._.._.. Lyclma rycNUa cyrlJwa._ .......................... ......do......................... ...................................... ...... do.... _................... T 129 NA NA

lyum6 Anepetla prouM .............. _......... _.... . Gyc/wa P+pWf............. _............... _............. . Wesl IMlaa: BMlafi Vqpln lalends (MS- .._..do................ .......... E 3 NA NA
yeds INand).

IpuaM.BarNplonlaM .................................. CcnobpluspnNdw........._.._................... . Ecuamr(GS1aPeWsIslanda) ....... _.......... _... ...... do..._............... .... E 3 NA NA

Ipuana. Cayman B&ac yround......... _..._.... . ....... ..............Gkhr. nuMb c.ymanonsls ,._ Well Indiea: CaYman Islends.................... ... ...... do ..... _.......... . .... T 129 NA IM
Ipusna.CuCSnpauM ............. _........... __..... . GKA" m"' nub4...._...._.:_._.................. . Cubs............... ....................................... _......... Enke 1aacWdln9 T 129 NA NA

Popoltlron
Mtroduced In
PuMO flkrol.

Ipuena.6uma Isknd......... _ ................... C)c4wa nchlwa Wnsi_...... ....... _.............. Weel Ndas: Behamaa........................ .......... . Enllra...... _.................. T 129 NA NA

Ipuana. Fql heMOd ..................... _.................. BracArbpBus hstlaros....... _.... ......... _.... PacXk: Flp, Tmqe......................................... ..... .do-.................. _.... E 90 NA NA

Wana.Fdittes!ed........._ ............................. &acnylopdusNnonab.........._..._.._.............. PardlcFyl.................................... _............... . ..... du._..... _............... . E 55 NA NA

Iguana. GraM CaYman qound...... _............ Lychvw nudb bwul....._............ ........ _...... Welt Indlas: Cayman Is4nda ................_..._. ......do............. __........ E 129 NA NA

Iguana. Jamakan .................. ............... __....... CN:Aaj cWki... .. .........__.... _.................... Wesl Indiaa: Jana¢a..._........ _.................... ._...do.... _............... _... E 129 NA NA

pusns.Maya9uana........... __ ............. _._..... . L)C/usphaleDGNSNi........ ..................... WellIndies:BaMmss.................................. . ......dn.............. _..:...... T 12p NA NA

puaM, Mona pround ............. .................. (.)C/wa rrejneped .... _................. .__........... ... USA. (PH: MoM Itlsndl....................... _... ...... do............... ....... T . 33 17.95(c) NA

guana. TuMS and CakGa ............................. C)cAwa cVin.alf wusla..........._..._........ . .. . Weal Indief: Tmb and Cakoa Idands .... do....._..... _._..... T 129 NA NA

Ipuana. Wuaq leland Cound ...................... LycAq nbyl rLUl1.........^................................. WesllnNea: Bahamas .... ..................... _...... .....do............. _........... E 120

^

NA NA

Ipuena. WA,Ia t:aY 9uound .................... _....... G)chra nrsNmsGr^................._................... ......do....... _..... _................................................ ...... dn..... _................ T 129 NA NA

Lknd.thmLnMeCleopud ..... ................ _... GamDO4's(.QObpyWS)ahp.................. . U.SA(CA)............ __.._._............. _........... ... .._.4o....................... _ E I NA NA

LNUd. Coschella V.Iley INpa.loed........ _... fhM hwnsta........... .......... ................. ....... ..... do....._.... _ .......... ............ ..... ......_.... .......... . ...... du............... .......... T 105 17.95(c) NA

LNUd.Wwro9laM.._............_..........._.._.__. Ga/bWdmu+AlrLrprryl..........._.._._..^..... SpolnlCanWNWtlsI ............._........_.._...... ......do.........._............. E NI NA NA

Lltard.INL waY ............................................ PodmdiNryvfansb....._._..............._...._... SPaln (BnlaadC Idantls)..... _......... _....._........ ......do._..__............... T 144 NA NA

LNUd, IYUid nlyM ................ _.... ................... Xsnluf/a (-K/suD.rhsl rMnr4M....__...._. USA (CAI..................................... ..._....._.... ......do..........___.._.... T 29 NA NA

Jsud.StGols9rand........._..................... .tnwh.pokpa.._. ..............................._.........

I

USA.IVII....... ........ ._..... ........... ......... ....... _._AO.................._.... E 24 17.951c) NA

Mor.MOr. SanpY........._............ ._...__........... V^muyGanpaNns/s ................................... ban. Naq. pba. Sh caMa. Ma1ryYa, At. ...... do............... ..._...... E 16 NA NA
onatltlul. Buma. Vlalnam. Thdand.
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MoMp. daaM ....................................... ......^ Var.mq pM.................. _........ _............. Norlh ALka b Nauaaal, Gaplan Baa .....do......................... E 15 NA NA C.'I OvovOh U9.9fl. to Pakldan. NoM.I 1 I I I
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... GJUIUa wJUlb Msnvul....... ....... .... _...... U.S.A. (NM). Mevka ...................... .............. . . .... tla........................
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doneeu
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TuN6 Kemp's (-AVlnik) FWEbY sas.....__ LapVCClatyi Aertp1 ................. _....... _......... . Tropkal and lemporstb an In Atlantlo ...... dn............... _...._. E 4 NA NA
BWn.

Tanls.leelMruck.es......._ ........................ . l7brmrcMM^Iws..... __............... ...... .. TrnPlca41urywnPe..nGSUhpoluseu...... ......ao-.....__....__..__. 3 17.D5(cJ. NA
22B.i1

TmOa. byDahsaG sas ................. __............. Gnfb wa/b........................ _...... _....._..... CuclmploEa! N Bopkp and Icmpanls ......0p..._............ _...... T 42 NA 17.42(b)
uu and oceane. W PuU

220 and
227.

Tunla.Ohva (Pqlfk) Nplay u........ _..... _.. LoPkcrMys oM1rans..._ ........ ............... _.... . Tropktl ultl I.mpanU wu In PaWb Wlwrevw lawwl T 42 NA 17.42(b)
Buln. ucapl vrMr. amI Pull

YaleC as 220 and
antlanyareC 227.
Gckw.

Do.............. .... _......__ ..............__......... ...... Oo............................. _............... _........ ..... ......00................................................................. Bnatllny colorry E 42 NA NA
Populsllon on
Pacllk coul of
Manko.

T.U. Peacock aoNMM ............ ......... _...... ... TiAVpxpuwn..................... _...... _................. ME4 BenplatleM................... _............. _...__ Entu.......................... E 16 NA NA
TuNa.PMnouthraGOepled..._ .................. _.. PseWemY, (-CHY+e^rYS) ndMSnGq US.A.(MA) ........... _............ _........_..._............ ...... tlo................... _... E 90 17.95(c) NA

anya[
Twus. Mal^nakeG or wa.fcrn awamp...... PeerdwryNi wMM+vu......... ..................... AwuMa.............. ............................ ......... _... .._..EC.... _................ ._ E 3 NA NA
Tunla. apolmtl paM ..............................._.... Gooclemya f.0enwnla) huNttoN............. Noah Indls. Pakhlan......... _......... ................. ......tlp.._......... _._....... . E IS NA NA
TWU. 1Mea keeled Mlen .............. _............. MelwKrMo (-GeoempfA A4wr4) 6F CenNq InWS to BupleGaM and Burms..... .._..do.... ._............. _... E 15 NA NA

ulits4.
VIPw. Lu VaNa7......................... _.......... _.... .. Vpwe GG/Y............. ......................... _.......... ... Dur.............................. _...... _...................... ._... ..... EU......_.......... _.. E 129 NA NA

AucwpuN.

CoqW.Doltlen .................... ..... .............. __..._ EtsuOwrnCSCryNaMrpn[......._.............. _...... U.5AIPN)........_.......... .......... ............. ..... _. ...... do.._......... .. ..... _.... T 20 17.95(C) NA
FroD. Wsal peVNaG ............. _......................... . Qsaqb.+ava np.,waMe...... _........ ................ Inul.......... _................................. _...... .......... ..... Ao........ __............. . E 3 NA NA
Froy. Panemenlsn DdOen............................. Ambpua vsAra rwa.U.......... _.... _............... Penems....... _.... _..... ......... _......... _................. . ...... 0o.............. ...._...... E f 5 NA NA
Fray,SlaPtunlYenC............. ._..... _ ............... LakpaMNMmdlml..... .._......._...._._.... ......... NnwZUlEnd........_........................................ ...... tl0.._......_.._......_.. E 3 NA NA

Selsmanaer. 6Nn®a y1.M...._............ _...... . And^isa RerHUwa Oend/Arun .......... ..... _.... Weclwn Celas........... ............................ _....... ...... o.._......... _..... _. E 15 NA NA
S.f.m.nEOr. daaM alen0ar.._................ _... Ba4scAOSepa aNUS ......................._............. II SA IGA)........ . .............. _................... ._... ..... Ce............ ...... .r... E 6 NA NA
S.Iamantlar.JeP.nefayianl...._ ............. ...... MOUfQari3anr.r/AOqnkvs_.... _................ JePen............... _.................................. _......... ...... o..................... _... E 15 NA NA
SapmsnGw.PatlW3a......... __.......... ,......... PlawynnNva^l........,.......... ........ USA(AL) ................. _............ ............. _...... . _...Oo....._.._....._........ T 19 NA NA
Salsmanper.SanMarcps.............. ...._..._.. Ea,ceanry ....... .......... ..... _„.....„............ USA R%)_..._....... _.... _............................ _... .._..EG..... _...... _........_. T 96 1795(4) 17.43(s)
S.UmanGer. S.n4 Gue brp.load .............. Amopnmv maooWGyA.n aVCw'n...._.... U S A. (CAI._........................ __............. ........ .....Ao._......... ....... _.. E t NA NA
S.I.marqa.Ta..Ib6n0 ........ ........_........ TYPAkmoNawrhSUN............ ........ _............. . USAR%I.................................... .................. . ...... 4....... __............ _ E I NA NA
7os0.ANkanvhqwan....... _..... _ ................ NachyrhNrpUU.pp.......... ..... _..... ......... _. ieruanN. OJrrs, MPrY Co.,?, Gma• ......tlo......... _.......... _.. E

15
NA NA

rowk Llbarls, ENbpls.
To.G. Camwoon ................ _........ _................. Bu/o npsrWarb......_...._............._...._.__. E9wlwld AIAU......_...... .......... ........ ......_.. ......dc_...... .... _.^..... E 16 NA NA
TasO.floualan__.. .............. ................... ._ BubAOmlwrni.r._................ _.._.._....... . U.SAR%1......................... _........ ...... _.«... ......tlo._......... _.... __. E 2 ILDNtl) NA
Twtl. tdanl. Vwya.._.... ......................._._..... BuhowAnYrwa........ _...^....__............ _... Coal. Bka..._.... .__......... _.._............. _..... _ ..._AO........__._..._..... E t3 NA NA
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E 2 NA NA
E 7 NA NA
E 1 NA NA
E 93 NA NA W+
E 2 NA NA
E 08 17YG(e) NA V
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Kfufrn.PfCmnW ..... ...... ......................... EmpreKMArf4lnf............................... ..._. IISAINV)_. ..__..................... ......... .. dG...._.............. .. E I NA NA

LopVwch.COnffupf..._.... _ .................... WaWBn.lms) ........................................ USA.(GA.7N)....................... ................. .. .. dc..... ......_........ E IN 1720(e) N

MWIOm.SCIGb.... ................................ AbMVf Pfvmwnr................. ................. .... USA(GII).... ............................................... ...GG....................... E 10 NA NA

Mfdlnrn.SmoFY ................. ..._............... . AbM1Oa OfofN............... .......... ..... _....... ..... . USA(TN)........... _........... _.... ....... _.......... ..... do..._................... E 103 17951f) NA

MfmonG YaOOwfM............_ ............ ................. AbnmuhlTrnn+.......... _.......................... .. USA (GA. TN. VA)...................................... . ...... du......... ...._....... 7 26 1795(a) 17.44(c)

NfwopqlleflGahl .......................................... _......... ........ .... ... JaPfn.............. ....... ..........._.._...... _................ ..... do.......... _._.._... E 3 NA NA

PupOeh.AfhMefduwaAnyr9oef.... ........... C^yAiwdunnfvfdfnsq mbmcHf........... . USA (NV)....... ................... _...... ................. . ...... do........._._........... . E 117E. 17115(e) N
127E.
130

Pupfim. CamfncM SPhpt..............._........ 6)Pnw4in U S A (TX)...._...................._............_....,....... ...... do..... ............... .. E I NA N
PuPInlAdewrl.......__........... _...... _._.......... AP'L'+onUnnuNGnvs.. ..r....... _ .............. USA.(AZ.CA)AkJm...._.......................... .._..do..._................... . E 222 17.95(a) NA

PuP1uh, DwileNNe.... ........................... . LhxMq4Mda4anf........... _...... . ................... USA(NV).................... ...... _..... ...... ........... ...... Oe..... ...__............. E I NA NA
Pupllfh.leonSqOpe.......... _ ....................... C)Pqwcbnbor&ms....... ....._............. _........ . USAR)q........................ _....... ..... .._..... _... ...... do._..... _.......... _... E 102 170510) NA

PupMh.Owane........_ .................. _.... ....... _.. L)yMA'dnredrofuf............ _....................... . USA (CA)........... _..._..._.............................. ..... do..... _..... _....,..... E 1 N NA

PuPOeh,WwmSPrlnpe._........ _........ _........... C}ppAwOonnevfOunsLlPfc7orlrNS ................ US.A (NVj_........... _................... _...... _.......... .__.dn..... _....._-.._„.... E 2 NA NA

SAImr.LeeuWUl ............................... .__....... Ab0oP7sAvnasw..._....... ...... _.................... . U.S A (AZ,NM).Mwko.......... _...__............ ..._.du....... _.... ........... . T 151 1725(a) 1741(p)

Spkedece............ _......_ .... ......... ._...... ...... MwffAayiCe............. _..... _.......... ._........... _... .....AO.............................. _........ ..._...._........... ._...do.... _...... _..... _.... T 236 NA 17A11p)

Spnwlece,BNSPMp............. _........ ._...... Lfpkbmsdfmoq'sAVN, U.SARIV) ....................... ........... ............ _..... ......do......... _..... _....... T 173 179519) 17.41(II

SPlnadece.WNURNar._._ .............. __......... LfPNa+wNf/LWf2"s.......... _.............. _........ .._.do_............................................. _............ _. .._..do......... _............. E 203 17951s1 NA

SPrlrpneh, iuko Whue RNw._....... .. ............. C7enkM/ryf CYky1D•anrff.... ...................... . ......do............ ........_....... _............... ..... ...... . _...du.... _....... ..... E 206 17 95(e) N

SWInp5e4RfuroadVflley............ _ .............. GenkMAyfnav'dee.......................... _....... ..... do..__....._........... .._..................... ........... _...do.._...._......... . T 224 1795(e) 17.441(n^

SppOqIM.WMbRNw ............. ...._....__....._ L>m.M17rysCUhylDadyl.__................... _... _....tlo.._..._................ _........................... ........ . .... ..du._.... _...... _.... ... E 200 17A5(e) NA

$WawIiM.Cdarfdo ................._..... _..... __.. PsyclqcACdufAK%u_....... ........... _.... U.S.A. (AZ, CA. CO, NM, NV. UT, WY), Erukf, waepl Sfll E 1.193 NA NA
Mauco. fnd VwM fl.

bUnfpef, AZ.

. . . . . . _ ................. ....Co........... _.... ........ .__.tlo ...... ........ _.... .........._....._..... .._........ ..._.0o................ _......................... _..... _...... _... SfK wq Vwde R. XN 193 NA 17.01(b:
drdnfpq. AL

5uchlaUfc6.unwmww7pxanpbf-..... ..... Gbrmofroua fcWefAn, M9HfmfuJ.......... .. USAICq ...................................... ............. . Enl4e..._..... __........... E 2 NA NA

Siurpeon,fhomww...._...... .... _......... ..... _. Aoponawhw'IOfOUm....... __............ .......... U.SAfndCanadf(ABfnflcCOeeU......._.... ...... dc............. .._._... E I NA NA

Suckar. Jom........... _.... _...... ........ _.... _..... CMsrNsrff 4wf ............. . .... ......... ....... USA (UT)........ _ ..... ....... ............. _......... _.._ ...... do......._........ ...... E 223 17.95(e) N)

Suchw.Modou....._.... „...... _...... _.......... _.... Cf(otrormnMVnpf...... ........ ._.. ................ U.SA (CA)...................... _.......................... _.. ..... OO....._........_........ E 104 1795(fl N/

Suckw. Wwnw ......................................... Carof7onxy U.S.A. (GN)....................................... ....... __.. _....do........._............ _. T 205 17.96Ie) 1744(1

Tenpo. MryeFo (ToLYo Nllwlnp) ................ 7fnfAlf IfnfOo.................. _...... _.................. . Japen.................. .. _........................ _...... _.. ......tlo........... _...... _... E 3 NA N/

TemnlaM.IFenOrerlnewl...... _.... .«....._..... _.. flVGU6ufruIlHN ..... ........... _........ ........... __.... TMlland. CwnEOdl4, VNinwn, Mf1fYNf. ...... do...................._.... E IS NA NO
Lfw.

TepmYMww. GAf............ _....... _...... _ .............. Part+AnPri ottiMnhRS.._.._...... ....._....... U.S.A. IA2. NM). Medco...... _..... .................. ..... AO.._........... :........ E I NA N7

TebsGa (eef4aul or IrefhOsh)...__............ Gyrafubn rrrcVaubP..._.... .._............. ..... Me.ko ((3W1 of CfYlorNS)......... _. ................. ...... OU.......... _............ E 45 N LIA

Troul.APfcM........._ .................. __............. _. Sa/mu/PfcM....... ........ _............ ...... _........ USA(AZ)....... _........... ............ _............... _._. ...... do...... _..._..... .«... T 1,0 NA 17A1(e

Trwn.Gef .... .......... _......... _................. _.... SfrmoPeff..._......._.......... _...._.................... . USA (AZ.NM).................. _..... ...... ........ . ...... do................. _._._. E I NA NA
Trou6 pneerofck cuOhroM ........................... S^rmn c4Mflwnbf........... _...... _.._........... U SA (CG)................ _............. _...... __......... ..... do...._...... _...._...... T 1, 30 NA 17.AA11
Trwl.Lahonlfncvluroal.........._...__.......... Amwdu,UMnfhM.._._..... _..._..... _.... .. USAICA,NV) ................_......................._. ......do...._......._..... i 2.0 N 17.M(f

TrpA.lBUeKwnpoldfn...._._......._.._....._ S^AnoylyDai4wMlw' ............. _....... _....... . USA(CA) ....._....._....... _................ __.... _... ..... .du_._.... _......... ... 7 37 17A51f) 17.111f

Trn.n Pe:naommoel...._..._._....._........_... SAror4r7JSSAMVJf._ .......... ...................... .. .... do......... ........ __..... .......... _.............. _...... ......GU..__...._........... . 7 1.0 NA 17.44(4

Wourqlin......_........__ ............................. ...... F4yoPlwwaryfaqykrvn....... ............... ... USA(AZ.NV.UI).................. . .___........_ Er,ue.acplG4
fl. dwuW. AZ.
NM.

...... ........ ._......... ...._..__........._Ib ....... .._AO..... ......... ........... _....... .._._._._....._ .. ... ..do........... _......... _..... _.._.... ... .._........... GNa R. WaMUpa
.. AZ. NM.

BMAIU
CNltennryowflfemUw_..........SnfM _.... $eccAw MMfnfnwoandf...._......... ....... ... USA.INYJ ........................ ..... .. _............._... NA.... _...... _.... _.........

,
SneA. Mt eVYaa Uvw ko0xd .. .......... ....... /iUdqdf p/e0ffluHff...... ....«_............ . _. U S A(WV)..........._...._............

•.• .

................... NA
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WaNM....._.__.._.....__ .............. ........ -...... Hp.ylrw ^y^rvLwrl.+.............. .............. U.S.A. (AZ, NV. UTI.................................. .... Enwa. .uPl Gtla E
A dunsya, AZ.
NM.

DO_....... __....^..^_._.........__.......... Go .............. _..... ........... _.............._....... ......OO......... ..... _.._.......................................... Gn. R aWUya 1W
AZ. NM.

Sruxs
Snp.ChOawpourMS ......................... USA.INYI........ _......... _...... _.__................ NA._................. _...... T
SnaY.141^sprctlOraaboNM ..................... TiipUqasi, PYry.wlu'r.W............................... . U.S.A.IVM...... ................. _............................ NA.............................. T
SMII.baraPlwbGM ................... _.._..._.... C1apUm1LCH1lOC.17........... ...._..................... II.SA.(IA)........... _............. ............................. . NA_............................ . E
SnW, Mn,. IdanO css ................................ Rrpwry4 Pvklwlhu........_............... _...... Padlb Ocwn: AVmKYIy is. (Mn,. Ia)..... NA............................... E
Snal.noqtlay..._..._.._ ..................... .......... . IlawrknWrAl n.Nfu4............. r._........ uS.A.INL7..._................ ..__.... _.................... NA.......................... _... T
StuY. UYw ON ................................... _........ . AdY4wM aPP- (W NwCba).............._...... 11 S A. 11111..................._...... ........................... NA ..................... E
Snul.PdnlmOxwkacWaGlqsal_._.._.... AnPiiiP'npcL ............................................... US.A.(iN)........._.._....................................... . NA...._....... ................. T
SrrY. Sbck IWand................._..._._.._.^.. CkCrecu iaw lre1 kwL rrswayul........ USA (FL) ................................... _._.............. NA.......... _....... _........ T
SIUY, Vrprvs IaxpeC manub._...._...___.

GlAw

qA}yyrvcua vrpltisrva..... _ ........................ U.SA(VA)....._............._..........................__.. NA_.......................... E

Puty nwaal.A4GUna14rtp..... _...... ___.. [AnpsiiaiwcwM._..... ._........................ . USA.ML.TNI........... ........ .... ............... _.. NA....._..... .................. E
Pauly mwwl. Appsladwn mwlhsyWn.... 0ue6i.Y rlwra .............................................. U.S.A (TN. VAI........._............... _..._.«_....._. NA........................

.....
E

PaulymWwl,hYPxhp_....._.___.._.___. CenatlPo au4M_._._......... _.._.......__.._.. _.... do...... _..... ....... ......... _ ..... ............... ........ . NA._..___.......... ........ E
Psul)muaal.CuMaMn0E6MI............... YYkw (-Aldxwy^)psWkv_............ ._.... . U.S.A.IKY,TNI......._........... _........ _...._._.... NA ................ _..... ._. E
Pawh mwal. Gmoa1WW nwnksylw..... Gwtru4 ntwnwc4..... _ ............... _.... _........ . U.S.A. (AL. TN. VN...... _......................... __. NA.......................... .... E
PwymuuW.CurW'.... ._ ........ ............... EPIM'+cnu (-O/u)afxW) llwanw

oiL
U.S.A(M0) ............ ................................. __.... NA.-................... ..... . E

Pauly nwW. Grwwavy......... _...__.........
w

LYmiw dmw..._.............................. _._... u SA (TN. VN....................... _........ _....._.... NA.......................... _.. E
PuM In+asM. WaslMbNan...__"__.__ 4%bbz+nW (-D/snonw) favNw W

D d
.....AO ................ _..... _...... _............................. . NA.... _.._..__............ E

PaNy mwwl. Npquw sys.._............_._
cvrun n5

l"W'i4s AqprW...... . ............. .... ...... ._...... U.SA IIL. Ul MN. 5/0, NE. VIII.......... _...... . NA.... ...........,.......... ... E
Psuq mwaW. NkMN's_........... _............ _ AloykwLa.kabwuw .............................. Mealw.. ......... _.._............ ...................... __. NA_.._._........_..._.... E
Pauly mwaG, olupabokd........._.......... Plsobbaw aocpwWw._........................... U.S.A (Al, IN. IA, KY. ON, PA, TW........... NA....... _...... ._._.._ E
Pauly mncW. PWS SUyxa........_....___._.._. Tawhvlr ( -Cuuna.Bns) nyYnb'Ntu_.... U.S A. (Al, TN) ......_....._............ _. ........... _ _ . NA........ - .................... E
Paury mwa4. P" m+ckW....._..__..__... lulpsbs apeu4q- .................................... U.S.A. (AL. IL, IN, KY. MO. OM. PA. TN. NA............ ._......._ E

WN4
Pauly nwuW. Tamqbo..... ._............ ...... _.. colwuLt YnplrowWa Kwramnw....... Mw.o .............................................................. NA.... __...................... . E
Pwly, awtW, p+Celdad-0Iwaom.... .... ..... FpaGyvns l^Q'Mw+w) lmWOw Iw U S.A. OL.IN. KY, TN, YN).......... _............ NA....... _ .................... E

faw.
Pauly nwael, IuplbGbaum......._..._...... . EPb57mM l_p/ypnyll GrpM•4_.......... U.S.A. (AL. TN) ............ ........... .... ................ NA......_.__._............ E
Pauly nwwal, wlils ql's Paw._.......... _.... EA'IY.wramA 1_0Y+nwlW1 aJaY aµ U.5 A. QN. MI. ON) ...................... _............ _... NA..... _.............. _..__.. E

al.
Pauly muuN, wNla ru1yE¢A............ _..... PNW4sw cuNZaw....... .................... U.S.A (AL.IN, TN).......... __..... ................... . NA..... _...................... E
Psury nwuW. YcYar-duswm.._..__.__.... £p1ao4wrr ( -pysmnw) pnanar USA NI, iNl ....................... _............. . .. _.. NA.......................... _.. E

MW4.

Ppws. Glwusysd .................... _....._............. . Fascwur aanw.lu..........._._._................... U.S.A. IA1. TN. VA)................_..................... tU...._........._.._......... E
Pqroc. layll.._._......_..._ .................. _..... _.. PkvoDanr P'sno'n..._.,,..,,........ __.-_._._... U.SA ON, KY. TN. V1.1......_........__.._._...... NA............_............... E
Pyla. WOy..._.................. ........._....__.... FwmMis syHrwn ..................._......._....... U.S.A. (AL. TN. VA)..........._.._._................ NA......._................. E
PochaWOOk. IW.... _........... _..........._..._..... PoYnWw l-Prtpmrd apu...................... USA (Aq. IN. MO.O14) .._............_......_.... NA................ ............. E
NYM MwU, W ....«........ ................ _.__^... F.µw4ams raNwl......_....... ......... _....._._.. U.S.A. (KY, IN, VA)........... ._.............. ...... NA............................. E

^:j;a:.¢ibY:gt^'.^. ;4Yifi: -• . . ^ n..^ ._ :.,.e^u•.^:51... . . s . .

v

Y.1F1 NA NA C
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O
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3 NA NA a
41 NA NA ^

108.112 NA NA q
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Spedee Varlabele
Pep'da6onxMra StY- Vllwn CO" Spetld

Hbiorklupe ardenperMar WE Suud Mdm rWee
Comrmnruma BcMnullcname Bueelernd

SPMy mw1¢I. Tu RNU_._....._....__........ _. EdpW (GnWT4) stqnitanwu................ U.SA INC)............... ....... ..._._............ .......... NA................... _...... _ E 100 NA NA

CnUlTACEeNk

Amphlpod.Hq'lSpMp._.._.........- ............ S6Pabrwtxa7rH....... .... __..... _....... ........... U.S.A.(Bq........... .................. ............ _.......... . NA......... _..__.._........ E 116 NA NA

qeMalh.NaJMlla........ _ ............. _............. tkcwlecYaaa7wrN'......... _._.......... '"_.......... . U.S.A.(TN)........... _.._............................... ..... NA....... . .._.............. E 242 NA NA

taoFad.MaalwnGw...._ ........................... Mou4naYa.....___...-........ ..................... _. U.SA(VA)....._..... _.._................. ........ .._.... NA........ _..... ..... ...... T 123 NA 17.48(e)

IsoPOd.SOCOrro......__....._......................... ..... InemnapMeroma f-ExwpMarmu) U.SA.(NU).........._.... _............. _...... _..._..... NA...._..._................... . E 36 NA NA
CwnnpMbs

SMNW. KanurckY uve _._...._ ..................... ftraennn4aWnfM..._.............. _.................. U.S A(KYI..._........ _.............. _............ _....... _. NA..... _...................... . E 135 17.95(rt) NA

InlEClk

BeeSa, dalb 7aen 9round........ _........ ..... E4pNUa vNaPa ................. .......-._.-.._..._... U.SA. (C7) .................... _.... _........... ........... NA......._.-........... ....... T 100 17.05(1) NA

Baelle. vape7 elderEerry laiyrorn ................ Ounrocerv.t uM1brn{.in dimvplwa............ . ..... do.................... _....... _............ _._.............. NA.............. ___.__..... T Y9 17.35p) NA

Bullulry. EI Seyundo Glw..........___..... _. E,pnibroa btfak/as ......do.......... _._.._ ................ _.__................ _.. NA.... __.... _.............. E 14 NA NA
a6yM.

Buileriry. Lanqa e mvlahmrk ........................ manU tuqW..... ..............._.._... ._...do...... ....... _........... _................ _............ _.. NA......... _.._...... -........ E 14 NA NA

eunemy.loueNUe....... _..... _..... _...._....... _. t7rnewaWnoGnaeanbns....... _........... ._..da ............................ _._..................... _...... . NA..... __.............. _..... E 14 NA NA

Swlwly.mlNwnElw_......_...._ .................. barirLbuvxcfeansYsbnoru4......._........... . .. ....do .........._._....................... __................... NA.......... ....... -.. ....... E 14 NA NA
ButlenKOregunYhwlpot........._._._-.... BPOrwvrarenelµ:yol7b......__..-__........ USA(OR, WA) ....._........_ ..................... _... NA....__.._..-.............. . T 95 1795(I) NA

Buuerly: Palw Vertlel Wue...... ...... _........ G/awgrycM ppdamus PabsrxuHsen- U.S.A. (CA)........ --._ ............._._............._.. NA.............. ........ ...... E PB 17.95(q NA
ara

Bunulry. Sen emm e1M._ ..............__.._..... C+1bPlry3 moss.l nryvnsb......... _.._........... . .....do....... ....... _..................... _...._................. . NA__............ .....^... E 14 NA NA

Bu1Mry. ScAcw a.albrM9 ................... NuacWea (-PSpJO) ubtodenxo Pon U.S A. (FI)...........__..................... _...._._.... . NA............. _.._........... E 17.159 NA NA

Bu11amY, SmInYElw ................. _.-...._..
nn Aq.

ErWubfas (-SnyNrYnecwbs) uKPtea
v4Y

U.S.A.ICA(...........................................-.._.. NA_..._....__.._........ E 14 NA NA

Moth. Kern prNmote ptWu .........................
rr

Eyxoawp'noa wterya........................_........ ......do...................._......................._.._......._. NA............_-.._.__... T YI NA NA

NNCOrld. Afl1 Mosdows....._._ ..................... . AnWysw snwqwus........_......-......_...._.... U.S.A.

(NVI....._.................. ............

......
.....

...... NA..._._..........._._..._. T 131 17 Y5(9 NA

Eonowu 11ote: Fu "Wllen hled" dklkxn, wa pet Iollo.trKK lor tymEob In When Mated' ua Celow.
M-Inrtealel FR wnue epecwe wN deXated: rebltlnp of (he Ipaclea I. adkeledpy vrnseq'rerA numDarp.
E-Indkmee Ernwyue.y nda pu4Xcauon pee FR document la etleelWa dahlG wbsepwm rrmdulal la FR Mtl rule. If appucWla urdu "Wh^ Mltad".
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ion) U.S. Fish and Wildiife Serv., Interior § 17.11

1-32 FR 4001: March 11. 1967. 103-45 FR 55654: August 20. 1980.
2-35 FR 18047: October 13. 1970. 105-45 FR 63812: September 25. 1980.
3-35 FR 8495: June 2. 1970. 106-45 FR 65132: October 1. 1980.
4-35 FR 18320- December 2. 1970. 108-46 FR 3178: January 13. 1981.
5-37 FR 6478: March 30. 1972. 111-46 FR 11665; February 10, 1981.
6-38 FR t4678: June 4. 1973. 112-46 FR 40025: August 8, 1981.
7-39 FR 44991: December 30. 1974. 113-16 FR 40684: August 10. 1981.
8-40 FR 29864: July 18. 1975. 114-47 FR 4204: January 28, 1982.
9-40 FR 31738: July 28. 1975. 115--17 FR 5425; February 5. 1982.
10-40 FR 44151: September 25. 1975. 117-47 FR 19995; May 10. 1982.
11-40 FR 44418; September 26. 1975. 119-47 FR 31670: July 21. 1982.

• 12-40 FR 47506: October 9. 1975. 123-47 FR 43701; October 4. 1982.
13-41 FR 17740: April 28. 1978. 124-47 FR 43962: October 5. 1982.
14-41 FR 22044: June 1. 1916. 125-47 FR 46093: October 15, 1982.
15-41 FR 24064: June 14. 1976. 127-48 FR 612: January 5. 1983.
16-41 FR 45993: October 19. 1976. 128-48 FR 1726: January 14. 1983.
17-41 FR 51021: November 19. 1978. 129-48 FR 28464: June 22. 1983.
18-41 FR 51812: November 23. 1976. 130-48 FR 40184; September 2. 1983.

• 19-41 FR 53034: December 3. 1978. 131-48 FR 43043: September 21. 1983.
.0-42 FR 2078: January 10, 1977. 132-48 FR 46057: October 11 1983.
21-42 FR 2968: January 14. 1977.

,
134-48 FR 46336: October 12. 1983.

22-42 FR 15971. March 24. 1977.
135-48 FR 46341: October 12 1983.

23-12 FR 28137: June 2. 1977. .
136-48 FR 49249: October 25 1983.

24-12 FR 28545; June 3. 1977.
26-42 FR 37373; July 21, 1977.

.
137-49 FR 1058: January 9, 1984.

26-42 FR 40685: August 11. 1977. 138-49 FR 1994: January 17. 1984.

2'7-42 PR 42353: August 23. 1977. 139-49 FR 2783: January 23. 1984.

2-42 FR 45528: September 9. 197^ ^ 142-49 FR 73351 Fehruary 28, 1984.

29-42 FR 58755: November 11. 1977. 143-19 FR 7394, February 29, 1984.

30-42 FR 60745; November 29. 1977. 14"9 FR 7398: February 29. 1984.

31-43 FR 3715: January 27. 1978. 145-49 FR 10528: March 20, 1984-

32-43 FR 4028: January 31. 1978. 146-49 FR 14356; April 11. 1984.

33-43 FR 4821: February 3. 1978. 149-49 FR 22334; May 29, 1984.

34-43 FR 6233: February 14. 1978. 150-49 FR 27514: July 5, 1984.

35-43 FR 9613; March 9. 1978. 156-49 FR 33885: August 27. 1984.

^ tI 36-43 FR 12691: March 27. 1978. 157-49 FR 34494; August 31, 1984.r„ ,
37-43 FR 15429: April 13. 1978. 159-49 FR 34504: August 31. 1984.

38-43 PR 18345: April 18. 1978. 160-49 FR 34510: August 31. 1984.
40-13 FR 20504: May 12. 1978. 161-49 FR 35954: September 13. 1984.

8441-13 FR 28932: July 3. 1978. .163--49 FR 43069; October 26. 19

42-43 FR 32808; July 28. 1978. 164-49 FR 43969; November 1. 1984.
.^,,. 43-43 FR 34479: August 4. 1978. 166-49 FR 45163; November 15. 1984.

45-44 FR 21289; Apr11 10. 1979. 168-49 FR 49639: December 21. 1984.
46-44 F8 23004; ADr11 17, 1979. 169-50 FR 1056: January 9. 1985.
48-44 FR 29480: May 21. 1979. 170-50 FR 4226; January 30. 1985.
50-44 FR 37126: June 25. 1979. 171-50 FR 4945: February 4. 1985.
51-44 FR 37133; June 25. 1979. 173-50 FR 12302: March 28. 1985.
52-44 FR 42911: July 20, 1979. 174-50 FR 12305; March 28, 1986.
54-44 FR 49220; Aueunt 21. 1979. 181-50 FR 20785: May 20, 1985.

C^
11 55-44 FR 54007: September 17, 1979. 182-50 FR 21792; May 28, 1985.

60-44 FR 59084: October 12.1979. 183-50 FR 23884; June 6. 1985.
1

85-14 FR 89208: November 30. 1979. 184-50 FR 24530: June 11. 1985.

i

86-14 FR 70677; December 7• 1979. 185-50 FR 24653; June 12. 1985.
87-44 FR 75076: December 18, 1979. 188-50 FR 25678; June 20. 1985.
88-45 FR 18010: March 20. 1980. 188-50 FR 28575: June 27, 1985.
90--45 FR 21833; AprII 2.1980. 189-50 FR 27002: July 1, 1985.
91-45 FR 24090; ADr118, 1980. 193-50 FR 30194: July 24, 1985.
92-45 Fit 27713: Apr1123. 1980. 195-50 FR 31596: August 5, 1985.
93-45 FR 28722:ADr11 30, 1980. 196-50 FR 31603: August 5, 1985.
94--45 FR 35821: May 28. 1980. 203-50 FR 37198: September 12, 1985.
95-45 PR 44935; July 2, 1980. 205-50 FR 39117; September 27, 1985.
96--45 FR 44939; July 2. 1980. 208-50 FR 39123: September 27. 1985.
97-45 FR 47352: July 14. 1980. 210-50 FR 50308: December 10. 1985.
98-45 FR 47355: July 14. 1980. 211-50 FR 50133: December 11. 1985.
90--45 FR 52803; August 8. 1980. 212-50 FR 51253; December 18. 1985.
100-45 FR 52807; Aueust 8. 1980. 216-51 FR 6690: February 25. 1986.
102-45 F6 54673; August 15. 1980. 222-51 FR 10830; March 31. 1988.
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§ 17.12 50 CFR Ch. 1(10-1-86 Edition) I U,5- FsL

223-51 PR 10857: Mateh 31. 1986.
224-51 FR 10884; March 31. 1986.
227-51 PR 18047: April 30. 1986.
228-51 FR 16482; MAY 2. 1986.
233-51 FR 17980: May 16. 1986.
236-51 FR 23781: July 1. 1986.
239-51 FR. 27495; July 31. 1986.
241-51 FR 31422: September 3. 1986.
242-51 FR 34412: September 26. 1986.
246-51 FR 34425; September 26. 1986.

C48 FR. 34182. July 27. 1983: 48 FR 34961.

Aug. 2• 1983. as amended at 48 FR. 39943.
Sept. 2• 1983: 48 FR 46337. Oct- 12. 1983; 48

FR 52743. Nov. 22. 1983: 49 FR 1058. Jan. 9.

1984; 49 FR 33892. Aug. 27. 19841

Ebrroatu. Nort For additional FmnAc
Rxctsamm citations affecting the table in
I 17.11(h). see the listing which followa the
table.

F.rrwrrya DAr; Noic At 51 FR 3441$

34425, Sept 26. 1986. the table In 4 17111(h)
was amended by adding "Shrew• Disma)
Swamp southeastern" alphabetically under
••MA^m•^a •• and adding "(.Yayf)sh. Nash-
ville" alphabetically under •'(.1'ustaceans",
effective October 27. 1986.

9 17.12 Endangered and threatened p)anta.

(a) The list in this section contams
the names of all species of plants
which have been determined by the
Services to be Endangered or Threat-
ened. It also contains the names of
species of plants treated as Endan-
gered or Threatened because they are
sufficiently similar in appearance to
Endangered or Threatened species
(see 117.50 et seq.).

(b) The columns entitled "Scientific
name" and "Common name" define
the species of plant within the mean-
ing of the Act. Although common
names are incirded• they cannot be
relied upon for identification of any
specimen. since they may vary greatly
in local usage. The Services shall use
the most recently accepted scientific
name. In cases in which confu=:on
might arise, a synonym(s) will be pro-
vided in parentheses. The Services
shall rely to the extent practicable on
the International Code of Botanical
Nomencfature

(c) In the "Status" column the fol-
lowing symbols are used: "E" for En-
dangered. "T" for Threatened, and "E
(or TI (S/A)" for similarity of appear-
ance species.

(d) The other data in the list are
nonregulatory in nature and are pro-
vided for the information of the

reader. In the annual revision and
compilation of this title, the following
information may be amended without
public notice: the spelling of species'
names, historical range, footnotes, ref-
erenees to certain other applicable
portions of this title, synonyms, and
more current names. In any of these
revised entries, neither the species, as
defined in paragraph (b) of this sec-
tion. nor Its status may be changed
without following the procedures of
Part 424 of this title.

(e) The "Historic range" indicates
the known general distribution of the
species or subspecies as reported in the
current scientific literature. The
present distribution may be greatly re-
duced from this historic range. This
column does not lmply any limitation
on the application of the prohibitions
in the Act or implementing rules. Such
prohibitions apply to all individuals of
the plant species, wherever found.

(f)(1) A footnote to the Fmtzu(1. Rm-
lsrsa publication(s) listing or reclassi-
fying a species is indicated under the
column "When listed." Footnote num-
bers to §417.11 and 17.12 are in the
same numerical sequence. since plants
and animals may be listed in the same
FmE(Al. Raoisr>st document. That
document, at least since 1973• includes
a statement indicating the basis for
the listing, as well as the effective
date(s) of said listing.

(2) The "Special rules" and "Critical
habitat" columns provide a cross refer-
ence to other sections in Parts 17, 222.
226, or 227. The "Special rules"
column will also be used to cite the
special rules which describe experi-
mental populations and determine if
they are essential or nonessential. Sep-
arate listings will be made for experi-
mental populatfons• and the status
column will include the following sym-
bols: "XE" for an essential experimen-
tal population and "SN" for a nones-
sential experituental population. The
term "NA" (not applicable) appearing
in either of these two columns indi-
cates that there are no special rules
and/or critical habitat for that par-
ticular species. However, all other ap-
propriate rules in Parts 17• 217
through 227, and 402 still apply to
that species. In addition. there may be
other rules in this title that relate to
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sPaale.
Hltlotk nn0e Sla. riTan CrukN Spw1a1

scianluic nenrr Common nuna
lu. BRed n.aNl nA.a

Apav.caw-Apav. IamBy:
...... _........ Arl:on. e0era......................... _...................... U.S.A. (A21.......-_........ _.. E 147 NA NA

Apava anawwa ..................... _..._._........................ _..._....... .._.............. -

AYenklaceae-Waleo-Planl4n IamW:
Sundrad uranhead............. ............ .......... U.S.A. INC. SCI.......... _... E 53 NA NA

Sayatani bscw:Wir, ................_................................... ....... ................. ........ ........

AmuanNaceae-AmaranN 1am01^
. ........ ......................... .Nwro .. ._._... U.S.A.IHII.......__............ . E 220 NA NA

AclqsanlMamGmCala ......................._....._.................... _........ ..._............. ._..__...... ............ .... .

Annonaceea-COaludaPPle brnlly:
............. . . . Fov.Palel Pawpaw................. _........... . ........ . UA.A. (FL) _ ............... _... E 244 NA NA.. . . _ _Aa/mm, reP,mn, ................... ..... « ...... .._ ............... _ ................ _ ......

ObwnnyolharmuaPu7cN/Na ........ ......... ................ _................ _.... ............ . . ............. . SaautilulPawpew._....................... _._._.r........ ...... tlo........... __...... ......... E 244 NA NA

..pawiVolnamwanpa/i'....... ..... ........ .._. ........... ... ..... .......... _ ..... .......................... flu9ol'.Pewpew.._........... ..... ........_....... ...... ....... E 2I4 NA NA

Ap4waa-Pereley IemOy:
OsypoGa canbyl... .... ......... ................... ....._...... .._....._......... ._._.......... .«__....... Canby'a rkoVVrod............................ ....... -_... U.S A. ICE. 0A MD. E 217 NA W

NC, SC).

Aporynacaaa-DeObene IuNy.
CNchCanla7wnxlisvu.".lY............... .......... . ............. __............. .__................. JonearycladeM........ _....__.__._............ U.S.AIAZ,M............. T 229 NA NA

Aalerecese-Aebt lenuly:
Aryy.upNUn snMdcrnaa a W. aanCwkenaa.._.___........__................... _....... 'ANnaNna IMeun. Kak alNaawoIXdJ._........ 17,SA (HI) ....... ...... ......... E 219 NA NO

BWena crxreaW..............._............................................... .... ...... ..... ................. .-

CleyzoPSs /bnJana (-)plarollrop Ib:irt,n) ............ ..._....._.._............._........... .
Cuneale bUana............ _............. .......... _......

Flurlda golden keler_................. _..................
...... do........._.._.................
U.S A. (FL) ........ -_.._.....

E
E

141
232

NA
NA

NO
NO

OYsaur4a rnPMnlaw._ ........... ..... ......... ........... ........ ......... ........ ....__............... __..... Ashy do0weed ................................... ......... _.. U.S A. (T)9.._._............... E 152 NA
NA

NA
NA

EcMnacea Knneaaeana/a......_...__ ..............._................._..................... __....... _...... Tennasaae pwPla contlbwar...__............... . U S A()N)........... ........... E
T

49
181

1798Ia)
W

Encwrmp•+a nr.d'caWls var. cnm.yala .............._.__....................................-.__.«.. Ash Meedowl aunray........................ _.......... U S A. (NVI.......... -.........
T E 202 NA W

ErgarommyuirNvu.mapu4N........._...._............_ ....................... .......... .... ........_ Ma0ulredelaa......................... __........_..__.... U.S.1.(U ) .................. .._..
T 171 NA Na

Eparon ^ema)ua.......... _...... ..... .._.._..._...... _ ............... _.............. ....... _............. .

C,OMUna Innnop,lana/a........ _.... _.......... .................._.............._._........._........._

RhUonle lisabena-........._.......... ._._...........

Aeh Meedowa pumplaM..._.......... ........_..._.
U.S.A. (NMI......__.__....... .
U.SA (CA. NV)...... _...... T 181 17.98(a) NO

ft,rramm
ra.an,......._.._.._._ ................. _........ _..... _....._.._........... _._...... ........ None .............. ...... .............. ........_.... _.._......... . U.S.A (TAI....... _.__.......

U H
E
E

210
73

NA
NA

W
NO

(pocnaata venoaa ............. ......... _.................. _.._................... ............................. .
................._.._............Aryopa%s iullri'I.Nek.u4wc, rvN; CMlaopab MN)

. ...... da......... ..................... _.... __.... ....... _.._....

flulh'a Odden aaler................ _................. __
.S.A. ( I)._....... -...._......

U.S.A (TN) ................ _.... . E 191 NA Na

.........................._................. _....... «................... _._.... __ ..Sanecb hanciacalwa San FrarWaco PsMk WouMaN.................. U.S.A. (AZ) ........................ 7 131 17.98(a) Na
.. . __

Sa4APOahwrM....... _._ .................... __............... _....... _........................ .................... Shon',qddenod.........._.................... _......... U.S.A(K17._....... ..-...... E 201 NA
NA

Ni
Ni

Sd.Ha9o aWrMmaN..__............ _ .............................. .-................... _......__......... Blw Rid9a eddenrod........ _.._............... _.._ U.S.A. (NC. TN) ...-.......... . 7
E

175
120 17 901a1 W

51eMranomen, mal)rmuana/a...... _._........... __...... ............................................. Melhaur wkaWeuca............ .............. _._.......
....._.._................. .Laal Chence lownaandk

U.S.A. (Ofl)........... .._._...
U.SA (U7) ..__.............. T 200

.
NA NO

7arrnsanrAa aPK, ............. .................. _...... _.......... _.... _._..................... _................ . . .

BarbwUawaa-BSAem7ludp:
Malunla sonnar 1-Ba2atls a 1........_._...-__..__. .............................._..._........... 7ruckea bartreny-................ ......_................ .

•
U.S.A (CA) ........ ._...... _... E 78 NA W

BnWaceaa-Sacn hm4y.
venw.row,ewt bkm ................ __........ .... U.SA NA7 ..._.......... _ . .... E 32 NA W

Coll
V

N

O^

vt1
7n0

...

P
m
a

^

AmdnrA4prAmA?on .................... _«........ .......................... _..._ ........... _._.............. Iar0e0owaad8ddenaar............... -........... U.SAICA(........... _.......... E 179 1788U) HA
BraaMeae®ae-IAuklud lamtly,

.Nda rnMauMan,..._......._ .................. _.._....^.....____....... ... __........ _._........ McOontl?a racktraaa............... __..«._....... USA lCA7...._ E 44ru.anpua40.m.... .......... -........... ...Eovkv,wn
^

......... __ ................_.... ConhaCnauwe00ow«......... _. _. .. .... ........
_.......

dG ....... __.. .... E RY
NA

7
NA

=IAaypnaumatarwpe4Nm.........._............__..........._ ............ ........... _.........._......... . Slender.pelaled muelud............... _....... _......
....._ ..... . .......

E 5
1 Y0(a( NA

................... 1 8 NA NA
Suncaaa-Sc.wood lunlry: y

Buava wN. ...................... ...._.... _........... _...... ....._.._............... .. -.......... _«......... VaN'a boxwood....... _................... ........ «.....
.

U.S.A (PRI........ _..^«.._. E 187 NA NA
r..r.,.... r..r.,. m...,r...



t........._e„^....

^

^.... . , .tWW 1 L'i i 'rvrxu1v.rudrY...... ;
BnCwl4a.r0W^ettY

_..._
"Ai . .

.aYtp/wB.rOMYaL........ ............._.:...........:._.. . ...... ... . . . .. v. ..... .L

WMvN

.
I . 26 HA

I EI
I NA

..........
p^tl.laxWPod CVCAt ..................... _..... .... USAIVAI............

BatWeuar&rcn lur'^ ..............................

BaWN Ww._.._ ........ ...... ........
.........._........._........ ........... .

r
0

eanp^®a•a. rnw;.
AnuvicA4P'aM/kva........_....... _............ ...._ ..................... ................ .........._. Wy..IbwuedlWd.tNCk-.......... ......_......... USA.(DA)....... _........... .... E in 17.89(.)

&wc.cu.-Mu.brd IuW. •

Nalw mwtw#iuu....._..........__..__..........._ ............._............................. :............. McOpu17. rae.a.u.............. ............... _.. U.S.A. lCA1..................... _. E 44 NA

Eryamwncapnrumvu.anpua4Nn............... ....... ........._....._........._..._...... LonvaCoetawvulWwu.............. __....... ........ .....Uo..... _........ _......... ..... E 66 179U(.)

77w*PGOUm.laqtp.taWn..._.........._............_....... ............................_......... SlerqarPel.IW muvud......._............. _....... ....GO...... _........................ E 158 NA

Bwuwaa-BC.v.vod luN!(.
@wiw vAA4'........._....__.._....... "__....... _......... __

.................... ............ _........... VW'. Ooxweod........ _.................. _.............. _ U.S A. (PN)...... _............... E 147 NA

GcYU.e-('wctw lam4(.
AnmGouctwmbuvc7Wl-EtlvqGCM1+/.kum6wtl.._........ ._._............. . Teou>cAburmoXUCwa....... ..._......_...... . U.SA(TX)_..................... E 80 NA

CWaau aqA'+wul vu, k4varu_._ ..................... _. _............ _........... _...._.... _..... FnW.m prkAN-aPPk _.. .._............. ............ . U S A(FL)..................._.. E 206 NA

Cw'wJ Nhr.........____........__._....._........................................... ............... KrI veacacwe....._._............... _.._............. U S A(FLI, CuW _....... .... E 153 NA

CmyP7anOr nvwra ( -Q rW/eb ExoOVy n. Y4m'rw'4rY a) ...................... Neu cory cacw........__.........__....... ...._.. U S A. (TX).................... E at NA

CqyP4mN "nrlbra_..._..._._..._...... .......... ............................ . ................. BwrcAed cpy ucNUn......._............ _......... . U.SA. (TXI. Mvrko 1 77 NA
(coa,u.).

Cary}Wntlr rpDDVUp1m CuqJSW r.. EacoDOrt t).......... _........ _.......... _. CocN1a Wtu'vWon wctw ............._...„...... U.S.A. (Al). Mwlco T 214 NA

CqyPhumM fueatldvu. kw (^Eswbarr 4 k(unn9,vi.l 1-._........... _......... Lee pvwuMlon ocloAti....... _...... _.__.__... U.S.A. BUA)....__..... ._..... T at NA

CaypunW sre®6 rr. vw.dk ( -Escn(wu a. N1vrvm'arie a)__ .............. _.. SMnq pwvYVan cacw....... _.... _..... _..... U.S A(TX. NM)............... E 62 NA
EdwucacM AwrmnRwbno vu. NNioY......._._ .............._......._.__..........._....... Ngdwl'. 7wK* t,eed uctuW............. _.._.... U S A. (AZ)_,............. _.... E 71 NA

Ernvncwwe wyuGrunr var. P'v'W'e'b......_..____..__.....___ ................. _.... PuwPle'spnad Iwdqehvp caciw....._.......... U S.A. (U"I) ........_..... _..... E 56 NA

Emuarwaw Wndwl vr. kwulerl l-E MwrUwl E Iwnpa4 at wYwo. Kuemlr hedpvtw0 cactu....... __........... _.... U S.k (NM) ...................... E 70 NA

nc1 Fanal.
EcAYncvsw Wlb l-E rosuai nr. q......._.._........... _...... ........ «..-.._........ WtGY Mdqetw0 cacvn.... ....... ....._...._._ U SA (TX) .............. __.._.. E 07 NA

Eclvrpcwwaro4wrehad ru.utwtl l-EnrLmxwamu).... ...... ........ _........ BlackWUcc<Im.._............. _............ ........ ...... do......... ...... _........._ E 66 NA

Eqwrocsr+w >gAwv.'bIw vY- uvaxrs (-E ....... _......_.._... Amorr lwdqnvop aqw....._...... _..... _..... U.S.A. (AZ)....... _........._. E 62 NA

Eprvacww.+ byAxNa.aa vU. nwrm (-E m:uww vu. l, E. p+o+nc St+lvelew Iwdperwp uciw......._....._.._..... U B.A, (00. UT)_ .............. E 63 NA
CNY vY^ t).

Ectvwavwn vnbrkvw M. WnsY l-E hvW4 ............................... _._......._.... Dev1Y Waen pv,ye.._..... .............. _._....... . U.S.A. RX)._.... ,.. ...._.... E 61 NA

A4WV7vY nwptwuiw I-EoLacacws m. EavmurAU m).. ................. _... Ltayd'1 M,upaa ceclue....._.................... U S A (TX), Mwlcu T 77 NA
(Coalwu).

Paqoucrtu b.Af l^Tpvrwy^ 4)....._...... ....._ .................... _.............. ..__._.. Bndy plnculNon cacnia....... .............. _.._. U.S A. )AZI....... ........ ........ E 63 NA

Padouctw MWnw7fuv ( - P. fvAgr rar. k Tanwr, k) ...................................... Knowlton caclw...... _........_......... ...__.._..... U S.A. INM. CO).._........... E 72 NA

Pctlocatw P..6kva•vs ru. P.+++A'a+uxu ( -lxMquctw P. Nevyu+ P. Peatdu N.vye uciw........ _............ ___.. U.S.A. (AZI........ _.._......... E 69 NA

TanwM P. Uh7W A.
PoderxNa nW (-Ei^wf a. UbAr q............ _ .......................... ..... ._. Slmr WrrupYon ucWb_....._.^_.^.._.. U.S.A. (Al. UD...._.._...... E 64 NA

ScAwccacnN y4i.ruv ( -Ec1.4tocacrwY. E sebJk"t'at E. wryyld vu. p. IAnM Becln OooENU uc1u._...._._............ U.SIt. (DD. UT)..._.._....... T be NA

Potlcc.oA.r p. S kultknt 6 wlyyAJrar. p).
SaWOUCtw meurvw4. ( -C^a" M. &fwpcacnp m. Po^ctw Meu Varde culw..... ...... ........... ...._........ U.S.A. (CO. NM).._....... T 76 NA

m).
5cWwc0.a'nvnua(-PwWcactuaw)........ ................ ......................... _...... . tYnlpminttdnoluGw......... __........ ........... U.S.A.ll1T).... .......... .._..... E 54 NA

GryoplrywcurPnk luw.
EctrAWaaOaarnra ................. _............ _............ ..................... _..............._..... ...... DwnondHVU.cNadca.............. ............ .... U.S.A.IHp.............. _...._... E 141 NA

^..F.}`#ta . . ^ ^
vr,x.vvp•.ut;'.r,rq. •^ _ ..

rs'r4a+1i^,%.,•^i..Rl^aid.^v^;,:>:^r,°^'. • ;,rhr.. acr': ^1^ >
- ^ ^ - -^^--
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HANFORD SANITARY WATER SYSTEMS

During CY-1984, sanitary water was supplied on the Hanford Site by 17

individual drinking water systems, each consisting of a raw water supply,

treatment facilities, and distribution piping. All of the systems are

operated by Department of Energy contractors with the exception of the City of

Richland municipal system which provides water to the 700, 1100, and 3000

Areas. Twelve of the systems utilize Columbia River water as a raw water

source, four systems utilize groundwater, and one system (Richland municipal)

a combination of the two. The systems range in size from those providing

plant-scale treatment and serving extensive areas to nine systems which supply

C, water to single or small complexes of facilities only.

The systems, along with their sources of supply, service areas, and

additional pertinent information, are listed below. A Hanford Site map

depicting locations of the systems (with the exception of the Richland

^.. municipal system) is given in Figure 1.

System Source of Supply Notes

^ 100-8 Columbia River via Filtered and chlorinated. Sani-
181-B Pumphouse tary water supplied to 182-8 Bldg.

only. System is Rockwell (RHO)

- operated.

^
100-0 Columbia River via Filtered and chlorinated at 183-0.

181-0 Pumphouse Treated water also supplied to
100-F and 100-H Areas as needed.
System is RHO operated.

100-K Columbia River via Filtered and chlorinated. System
181-K Pumphouse is United Nuclear Corporation (UNC)

operated:

100-N Columbia River via Filtered and chlorinated. System
181-N Pumphouse is UNC operated.

200-E Columbia River via Filtered and chlorinated at 283-E.
100-8 raw water System is RHO operated.
export
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SITE ID NO.: Pickling Acid Crib

ALIAS: None

STATUS: Inactive
DIMENSIONS:

Length: 50 ft
Width: 30 ft
Depth: 10 ft
Diameter: 0

LOCATION: 600 Area
COORDINATES: To be determined

SITE DESCRIPTION:

FACILITY: Crib

ELEVATION:
WATERTABLE:

A crib type structure 50 feet by 30 feet and 10 feet deep located
500 yards from the old White Bluffs Ice Plant and 300 yards east
of Federal Avenue. Vent pipes extrude every 18 inches at the
surface.

SERVICE DATES: 1943 - 1945

SERVICE HISTORY:

The site was used to pickle galvanized piping for use in the
reactor buildings during construction. The process used several
thousand gallons of nitric and hydrofluoric acid. The site was
retired in 1945 and the surface was covered with large cobbles.

REFERENCES:
Documents:

Photographs: 122440-464-CN, 122440-465-CN

Orawings:
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SITE ID NO.: Pickling Acid Crib

CHEMICALS DISPOSED

No chemical inventory is available.

RADIONUCLIDE INVENTORY
(in curiesj

H-3: 0.00000 CE-144: 0.00000
C-14: 0.00000 PR-144: 0.00000
MN-54: 0.00000 PM-147: 0.00000
C0-60: 0.00000 EU-152: 0.00000
NI-63: 0.00000 EU-154: 0.00000

c.. KR-85: 0.00000 EU-155: 0.00000
SR-90: 0.00000 NP-237: 0.00000

^r Y-91: 0.00000 PU-238: 0.00000
NB-95: 0.00000 PU-239: 0.00000
ZR-95: 0.00000 PU-Z40: 0.00000
TC-99: 0.00000 PU-241: 0.00000

^. RU-103: 0.00000 AM-241: 0.00000
RU-106: 0.00000 U-233: 0.00000
SN-113: 0.00000 U-235: 0.00000
58-125: 0.00000 U-238: 0.00000
I-129: 0.00000 TH-232: 0.00000
CS-134: 0.00000 BETA: 0.00000
CS-137: 0.00000 GAMMA: 0.00000
CE-141: 0.00000 ALPHA: 0.00000

This site was not used to deliberately dispose of radioactive waste.

These values are decayed through April 1, 1986.

ON

^
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SITE ID NO.: 107-B

DIMENSIONS: ELEVATION: 440 feet

WATERTABLE: 40 feet

Length: 450 feet
Width: 230 feet
Depth: 24 feet
Diameter:

FACILITY: Retention Basin

LOCATION: 100-8/C
COOROINATES: N71660/W80560, N71660/W80090, N71430/W80560, N71430/W80090

DESCRIPTION OF FACILITY

Concrete lined basin, 230 ft. x 467 ft., with a vertical baffle
down the middle (lengthwise). The floor of the basin consists of

7 concrete slabs, their joints originally closed with neoprene
water seals. To a height of almost 10 ft. above the floor, the
walls slope and are about 4 inches thick. The upper sections of

_ the walls (about 10 ft) area vertical and range in thickness from
about 5'8" at the bottom to one foot at the top.

The basin has been backfilled with soil to a depth of almost four
feet.

^

DATE OF OPERATIONS: 1944-1968

- DESCRIPTION OF WASTE

-- Retained cooling water effluent from the 105 reactor for
radioactive decay and thermal cooling prior to release to the

-' Columbia River. Total radionuclide inventories in the vicinity
of the basins ranged from 5 to over 400 curies. 80% of the total
radionuclide inventory is contained within the soil adjacent to
the basins. Approximately 10 curies have leached into the
concrete floor and walls.

UNPLANNED RELEASE

The following is a summary of unplanned releases in the basin
area:
- In early 1952, gross leakage at the inlet for the 105-B effluent

line was detected and steadily increased in volume.
- In late 1952, two known leaks from the effluent line occurred:

(1) near the #2 diversion box for the 30" line and (2) near the
8" riser for the temporary by-pass line northeast of the 105-8
Building.

- In February, 1954, a break occurred in the 107-B Basin.

EXTENT OF CONTAMINATION

The extent of the contamination from these releases is well
within the zone encompassed by the retention basin and is within
the AC-5-40 permanent posting. Ref. 16.3
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SITE ID NO.: 107-C

DIMENSIONS:

Length:
Width:
Depth: 16 feet
Diameter: 330 feet

FACILITY: Retention Basins (2)

LOCATION: 100-B/C
COORDINATES: N-71045/W-79970, N-71045/W-80320

DESCRIPTION OF FACILITY

ELEVATION: 440 feet

WATERTABLE: 40 feet

Two carbon steel tanks, each 330 feet in diameter and 16 feet
deep. Each has a series of steel baffle plates inside to prevent
water from channeling across the tank into the discharge line.
Both tanks have been backfilled with soil to a depth of about
four feet.

^ DATE OF OPERATIONS: 1942-1969

DESCRIPTION OF WASTE

t,-; Retained cooli.ng water effluent from the 105 reactor for radioactive
decay and thermal cooling prior to release to the Columbia River.
Total radionuclide inventories in the vicinity of the basins
ranged from 5 to over 400 curies. 80% of the total radionuclide

-p inventory is contained within the soil adjacent to the basins.
Approximately 10 curies have leached into the concrete
floor and walls.

c`` UNPLANNED RELEASE

The basin and its approximate 5 foot diameter effluent line has
developed leaks during its operating life. It has been said the
leaks could have been as high as 5,000 - 10,000 gallons per
minute.

EXTENT OF CONTAMINATION

The extent of the contamination from these releases is well
within the zone encompassed by the retention basin and is within
the AC-5-40 permanent posting.

*** MEMO FIELD EMPTY ***
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SITE ID NO.: 107-0

DIMENSIONS:

Length: 450 feet
Width: 230 feet
Depth: 24 feet
Diameter:

FACILITY: Retention Basin

LOCATION: 100 D-OR
COORDINATES: N-94455/W-52730 to N-94685/W-53250

DESCRIPTION OF FACILITY

ELEVATION: 420 feet

WATERTABLE: 35 feet

A concrete-lined basin, 230 ft. x 467 ft., with 20 foot walls. The
design is about the same as 107-B. the basin has been backfilled
to a depth of about 2 ft. The walls appear to be coated with
asphalt.

DATE OF OPERATIONS: 1944-1967

r DESCRIPTION OF WASTE

` Retained reactor cooling water effluent water from the 105 reactor for
radioactive decay and thermal cooling prior to release to the
Columbia River. Total radionuclide inventories in the vicinity
of the basins ranged from 5 to over 400 curies. 70% of the
total radionuclide inventory is contained within the soil

-• adjacent to the basins. Approximately 10 curies have leached
into the concrete floor and walls.

UNPLANNED RELEASE

The following is a summary of unplanned releases in the basin
area:
- In early 1950, leakage occurred on the north side between the

basin and the river. Effluent water had drained under the
road to the section between the road and the perimeter fence.

- In the fall of 1951, excess leakage was detected above ground.
As a result, two excavations were made. The holes were then
covered, but effluent water continued to seep to the surface.

EXTENT OF CONTAMINATION

The extent of the contamination from these releases is well
within the zone encompassed by the retention basin and is within
the AC-5-40 permanent posting.

*** MEMO FIELD EMPTY ***
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SITE ID NO.: 107-OR

DIMENSIONS:

Length: 600 feet
Width: 230 feet
Depth:
Diameter:

FACILITY: Retention Basin

LOCATION: 100-0/DR
COORDINATES: N-94058/W52516, N94680/W52219

DESCRIPTION OF FACILITY

ELEVATION: 420 feet

WATERTABLE: 35 feet

A concrete-lined basin, 230 ft. x 600 ft., with 20 foot walls. It
has been backfilled to a depth of one to 3 feet.

E':>

- DATE OF OPERATIONS: 1950-1964

-"' DESCRIPTION OF WASTE

Retained cooling water effluent from the 105 reactor for
-adioactive decay and thermal cooling prior to release to the
Columbia River. Total radionuclide inventories in the vicinity
of the basins ranged from 5 to over 400 curies. 70% of the total
radionuclideinventory is contained within the soil adjacent to

"'- the basins. Approximately 10 curies have leached into the
concrete floor and walls.

G^
The following is a summary of unplanned releases in the basin
area:
- In late 1951, extensive leakage of effluent water at the inlet
end of the 107-OR retention basin was caused by the pipes pulling
loose from the basin wall.

UNPLANNED RELEASE

EXTENT OF CONTAMINATION

The extent of the contamination from these releases is well
within the zone encompassed by the retention basin and is within
the AC-5-40 permanent posting.
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REFERENCES:
Documents: UNI-946

Photographs:
Ref. 16.9



ta°

C9

C^

^

^

Drawings: M-1901-0 Sh. 8

Ref. 10.10



SITE ID NO.: 107-F

DIMENSIONS: ELEVATION: 400 feet

WATERTABLE: 30 feet

Length: 450 feet
Width: 230 feet
Depth: 24 feet
Diameter:

FACILITY: Retention Basin

LOCATION: 100-F
COORDINATES: N79967/W24130, N79967/W28900, N79500/W28900, N79500/W29130

DESCRIPTION OF FACILITY

A concrete-lined basin, 230 ft. x 467 ft., with 20 foot walls,
similar in design to 100-B and 100-0. The basin has back-filled

I-, to a depth of about 5 feet, with soil piled to cover the walls.

DATE OF OPERATIONS: 1945-1965

DESCRIPTION OF WASTE

2etained cooling water effluent from the 105 reactor for
radioactive decay and thermal cooling prior to releae to the
Columbia River. 70% of the total radionuclide inventory is
contained within the soil adjacent to the basins. Approximately

A- 10 curies have leached into the concrete floor and walls.

^

UNPLANNED RELEASE

EXTENT OF CONTAMINATION

The extent of the contamination from these releases is well within
the zone encompassed by the retention basin and is within the
AC-5-40 permanent posting.
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SITE ID NO.: 107-H

DIMENSIONS: ELEVATION: 420 feet

WATERTABLE: 10 feet

Length: 600 feet
Width: 273 feet
Depth: 20 feet
Diameter:

FACILITY: Retention Basin

LOCATION: 100-H
COORDINATES: N96000/W38740, N96000/W38466, N95368/W38466, N95368/W38740

DESCRIPTION OF FACILITY

^ Concrete-lined rectangular basin, 273 ft. x 600 ft.; 20 feet deep.
The basin has been back-filled to a depth of about 4 feet above

^., the floor and slopes to the top of the walls.

DATE OF OPERATIONS: 1949-1965

C
DESCRIPTION OF WASTE

I71 (etained cooling water effluent from the 105 reactor for
radioactive decay and thermal cooling prior to release to the
Columbia River. 70% of the total radionuclide inventory is
contained within the soil adjacent to the basins. Approximately

- 10 curies have leached into the concrete floor and walls.

UNPLANNED RELEASE

C,,, The basin and fts approximate 5 foot diameter effluent line has
developed leaks during its operating life. It has been said the
leaks could have been as high as 5,000 - 10,000 gallons per
minute.

EXTENT OF CONTAMINATION

The extent of contamination from these releases is well within
the zone encompassed by the retention basin and is within the
AC-5-40 permanent posting.
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SITE ID NO.: 107-KE

DIMENSIONS:

Length:
Width:
Depth: 29 feet
Diameter: 250 feet

FACILITY: Retention Basins (3)

ELEVATION: 480 feet

WATERTABLE: 70 feet

LOCATION: 100-K
COORDINATES: N(K)565699/W426802, N(K)532850/W453651, N(K)53000/W480500

DESCRIPTION OF FACILITY

Three carbon steel tanks, 250 ft. in diameter and 29 ft. deep.
r„ They have been backfilled with soil to a depth of about 4 feet.

[-:l OATE OF OPERATIONS: 1955-1971

DESCRIPTION OF WASTE

Retained cooling water effluent from the 105 reactor for
radioactive decay and thermal cooling prior to release to the
Columbia River. 80% of the total radionuclide inventory is
contained within the soil adjacent to the basins. Approximately

^ 10 curies have leached into the concrete floor and walls.

UNPLANNED RELEASE

The basin and its approximate 5 foot diameter effluent line has
developed leaks during its operating life. The leak rate from the
butterfly valves (that went to an adjacent trench) could have
been as high as 5,000-10,000 gallons per minute. Most of the
basin leakage was diverted to an open canal and disposed to the
river.

EXTENT OF CONTAMINATION

The extent of the contamination from these releases is well
within the zone encompassed by the retention basin and is within
the AC-5-40 permanent posting.
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SITE ID NO.: 107-KW

DIMENSIONS:

Length:
Width:
Depth: 29 feet
Diameter: 250 feet

FACILITY: Retention Basins (3)

ELEVATION: 480 feet

WATERTABLE: 70 feet

LOCATION: 100-K
COORDINATES: N(K)5245/W(K)6190, N(K)5245/W(K)6460, N(K)5245/W(K)6730

DESCRIPTION OF FACILITY

Three carbon steel tanks, 250 ft. in diameter and 29 ft. deep.
They have been backfilled with soil to a depth of about 4 feet.

DATE OF OPERATIONS: 1944-1970

DESCRIPTION OF WASTE

Retained cooling water effluent from the 105 reactor for
r radioactive decay and thermal cooling prior to release to the

CN Columbia River. 80%•of the total radionuclide inventory is
contained within the soil adjacent to the basins. Approximately

c,. 10 curies have leached into the concrete floor and walls.

UNPLANNED RELEASE

^ The basin and its approximate 5 foot diameter effluent line has
developed leaks during its operating life. The leak rate form
the butt rfly valves (that went to an adjacent trench) could have
been as ^igh as 5,000-10,000 gallons per minute. Most of the
basin leakage was diverted to an open canal and disposed to the
river.

EXTENT OF CONTAMINATION

The extent of•the contamination from these releases is well
within the zone encompassed by the retention basin and is within
the AC-5-40 permanent posting.
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REFERENCE 17

File Memo regarding recreational use of the

Columbia River
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Batteile
Pacific Northwest Laboratories

Date August 26, 1987

To IWSS Files

From DR Sherwood

Subject Recreational Use of Hanford Reach

Project Number _

Internal Otstribution

KH Cramer
RD Stenner
File/LB

The Hanford Reach of the Columbia River has many recreational uses.
Sportsman's access for fishing and waterfowl, big game, and upland bird
hunting is provided at several locations. Access points to the Columbia
River along the Hanford Reach are located at the old White Bluffs Ferry
landing, the Ringold Hatchery, and Leslie Grove Park in Richland. I have
fished for steelhead and salmon along the Hanford Reach since 1980.

c

^
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DRS/mgs
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REFERENCE 18

Letter from RD Stenner to DM Bennett regarding 100 Area

Ground Water Contaminant Plume, October 14, 1987
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0Batteue
•Pacific Nonhwest Laboratories

• " P.O.Boa999
Richland, Washington U.S.A. 99352
Tekphone i509i

October 14, 1987 Tekx 75-1874

Mr. D. M. Bennett
U.S. Environmental Protection Agency
Region X
Superfund'Program
1200 6th Avenue
Seattle, WA 98101

p,a- Dear Dave:

Enclosed are the three descriptions of the 100 Area, 200 Area and 300 Area
ground water contaminant plumes we discussed on the telephone yesterday. I
have included some attached figures and maps to help show the independency of
the detected ground water contamination in each of the three aggregate areas.

^ If there are any questions regarding the descri ptions, please 'contact me at
509-375-2916.

^
Sincerely,

V,

R.D. Stenner, Sr. Research Engr.
Earth and Environmental Sciences Center
GEOSCIENCES DEPARTMENT

C,
RDS:th



100 Area Ground Water Contamination

The ground water chromium and strontium-90 concentrations in the 100 Area are
attributable only to the activities in the 100 Area because of the isolation
of these areas and the fact that several years of ground water monitoring in
the area show that any concentrations in ground water are found contained in
close proximity to each of the individual reactor sites. Upstream samples of
the surface water show that the contamination detected downstream are
attributable to activity in the 100 Area. The furthest downstream location
of contaminants from the 100 Area entering the river is at river mile 22.
The furthest upstream entry point of the 100 Area contaminants is just above
river mile 2, which is near the 100 B/C Area.
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fiGURE 3 . Locations and Analytical Results for Spring and River Samples from RiverMlle 3 through River Mile 12
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REFERENCE 19

Letter from RD Stenner to DM Bennett regarding Liquid

Waste Sites and Burning Pits, October 26, 1987
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^F Battette
Pacific Northwest Laboratories
P.O. Box 999
Richland. Washington U.S.A. 99352
Telephone t5091

October 26, 1987

D.M. Bennett
EPA/NPL Coordinator
EPA Superfur.d Program
U.S. Environmental Protection Agency Region X
1200 Sixth Ave.
Seattle, Washington 98101

Dear Dave:

Telex 75-2874

0 Per your telephone request, enclosed are the statements on liquid waste sites
and burning pits. It is our understanding that you will incorporate them as
references in the appropriate sections of the NPL packages and provide us
with a finalized copy of the packages following completion of,the MITRE Corp.

• review.

If there are any questions regarding these statements, please don't hesitate
to contact me at 509-375-2916.

Sincerely, -

"-; 611.6
R.D. Stenner, Senior Research Engineer
Environmental Pathways and Assessment Section

" Geosciences Department
Earth and Environmental Sciences Center

G-
RDS:dar

ENCLOSURE

bcc: KH Cramer
MS Hanson
DA Lamar
RM Mangin - DOE/RL
TJ McLaughlin
RG Schreckhise
WB Schulze - DOE/RL
DR Sherwood



• 100, 200, 300 Area Statement Regarding Liquid Wastes

The general operating proceddres for liquid waste sites in the 100, 200 and
300 Areas were such that the waste constituents Tisted for each site generally
entered the process lines and were mixed with each other prior to being disposed
of at the site. This process mixing of these waste constituents occurred
over the period of site operation.

Lt^
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Burning Pit Statement

Due to the time period for which the burning pits operated, the nonhazardous
combustible waste materials (i.e., paper products, cans, etc.) would have
been mixed (i.e., mixed together in the garbage truck or waste container)
with the hazardous waste materials (i.e., paints, solvents, etc.) prior to
the waste mixture being disposed of at the site.



Reference 20

Memo from Kathleen Galloway, MITRE, to Sandy Crystall, EPA
December 29, 1987
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MlTRE

To

From

Sandy Crystall,
Acting Chief for NPL Operations,
Environmental Protection Agency (EPA)

Ai{tl, encc Lp

Date: 29 December 1987

Kathleen Galloway, Member of the Technical Staff,
The MITRE Corporation

Subject: The Toxicity of Uranium and Plutonium

Copies: B. Myers, S. Parrish

According to Sax, uranium is a highly toxic element on an acute basis

^ as well as on a ratio-toxic basis. For this reason the Agency feels it is

le$ appropriate to assign a value of three for the toxicity of uranium.

•- Sax states that the toxicity of plutonium compounds is based first upon

the very high radio-toxicity of the plutonium atom. In addition, the

permissible levels for plutonium are the lowest for any radioactive element.

Therefore, although a method for assigning toxicity values for
radio-nuclides is not established, the language in Sax would appear to

justify a toxicity value of 3 for plutonium.

KG/js'

The MITRE Corporation
Civil Systems Division

7525 Colshire Drivq McL.ean. Virginia 22102-3481
Telephone (703) 883-6000/Te(ex 248923
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